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THE SCIENCE OF EPIDEMIC DISEASES 


By Dr. CHARLES V. CHAPIN 


SUPERINTENDENT OF 


Ir is difficult to define the word epi- 
as this is usually 
ealled. The common conception seems 
to be that it is a study of the incidence 
of the infectious diseases, of their causa- 
tion and of their prevention. Recently 
there has been a tendency to extend it 
to include other diseases, such as cancer 
and the dietary diseases, as diabetes, pel- 
lagra and beriberi. The epidemiologist 
devotes himseif chiefly to the study of 
disease as it actually occurs in human 
beings. The bacteriologist and the proto- 
zoologist are concerned with laboratory 
work on the causation of disease. Their 
business is to discover germs and learn 
their habits. Bacteriology been 
ealled the handmaid of epidemiology, but 
it is rather an equal partner. The im- 
munologist studies immunity and means 
for developing it. The statistician de- 
vises formulas and solves mathematical 
problems. All these may make excur- 
sion into the domain of epidemiology and 
often achieve valuable results. The epi- 
demiologist is especially interested in 
methods to prevent disease, and much of 
his work is planned for this. 

Epidemics have always afflicted man- 
kind and medical men have continually 
sought to unravel their secrets, but until 
very recent times there has been little 
knowledge of scientific method. It 
little wonder that preventive measures 
were based on theory and that theory 
was arrived at by a priori reasoning. 
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Let us consider some of the theories that 
medicine until 
the nineteenth 


dominated 
well after the middle of 
century, and are not without influence 
even to-day. 


preventive 


ANCIENT THEORIES 


’s 
a) tions 


Epidemic Constitui 

The 
tions,’’ 
ancient. It was clearly enunciated by 
Hippocrates, the ‘‘ Father of Medicine,’’ 
four centuries before Christ. Hippoc- 
rates taught that climate has a most im 
portant influence in the causation of dis 
ease. The air, its heat, its moisture, its 
1 and 


i 


theory of ‘‘epidemie constitu- 


] 


as determining disease, is very 


impurities, the wind, its direction 
force, are powerful factors. 
stitutions,’’ or of 
deseribed and the 
were observed under each type. 
factors in the 
cussed by Hippocrates in his chapters on 


Three ‘‘con- 


types climate, were 
which 
Other 


were 


a!so diseases 


environment dis- 


airs, waters and places. Sydenham, in 
the seventeenth century, elaborated much 
further the theory of epidemic constitu 
tions. Every known tellurie or cosmic 
factor might be of influence, he said, and 
he even speaks of the 
plicable alteration of the air,’’ and of 
*foceult atmospheric influence.’ Even 
to-day there are a few epidemiologists 
who invoke such ‘‘constitutions’’ to ex- 
plain the spread of disease, but most per- 
sons prefer to await the slow progress of 
inductive science. 


‘*seeret and inex- 





482 THE SCIENTIFIC MONTHLY 


Epidemic diseases, like prices, business 
failures, fashions and fire losses, show 
great variation in prevalence and by 
many are thought to occur in eycles, 
which can be correlated, more or less 
closely, with sun-spots, climatie condi- 
tions, ete. Studies of these relations 
have yielded little and mystical theories 
still less. 

Whether or not the atmosphere causes 
disease, it has, through all time, been a 
popular theory that the air serves as a 
vehicle of infection. 


Disease Not Air-borne 


When people sicken of smallpox, 
plague, scarlet fever, measles or almost 
any infectious disease, it has been be- 
lieved that it is because some virus, 
miasm or poison is borne to them by the 
air. It has been shown that there is 
some truth in this theory. Thus mos- 
quitoes which transmit malaria are 
wafted by the air. The tiny droplets of 
saliva that carry infection may float, per- 
haps an arm’s length, but rarely more. 
Perhaps infectious dust may be blown a 
short distance. We now know, however, 
that the air is a quite negligible factor 
in the distribution of bacteria and other 
disease-producing germs. 


The Filth Theory of Disease 


However, it is another, and far more 
unfortunate feature of the atmospheric 
theory of disease, which it is necessary 
to discuss. This is the supposed relation 
of decay and filth to disease. Doubtless 
this is an ancient theory, but until fairly 
modern times seems to have been advo- 
cated by laymen more than by physi- 
cians. It is set forth by Lucretius and 
by Pliny, and was even accepted by 
medieval monks, though they are not 
usually considered to have been espe- 
cially hostile to uncleanliness. This filth 
theory of the origin of disease has had 
by far its greatest influence during the 
last 150 years. Dr. Benjamin Rush, of 


Philadelphia, was one of its most 
sistent advocates during the eigh 
eentury, and his high position 
patriotie citizen and his preeminence 
a physician gave his words great weie 
His views on this subject were bi 
in the extreme. Almost any or 
matter in decay was believed by hi 
cause infectious and epidemic dise; 
Not only drains, cesspools and pr 
fell under his ban, but bilge wate: 
caying weeds and rotting cabbages we) 
alleged to be the cause of fevers. 

ing matter was judged to giv 
death-dealing something, but whet 
solid particles or gases, ferment 
germs no one knew, though there w: 
many guesses, but with few except 
all were agreed that emanations 
filth were the chief cause of infect 
disease. Noah Webster, Georg 
Waring and other American lay writ 
as well as the plumbers and sanit 
engineers, were warm advocates o! 
ideas. 

Early in the nineteenth century 
great reform movement in England e 
into being. One of its leading fi 
was Edwin Chadwick. His first aim w 
to banish infectious disease. To lea 
how to do this he employed physician 
investigate. They agreed that 
poisoned by filth was the cause. C! 
wick’s legal training did not fit hil 
act as a scientific arbiter, and, indeed 
is said that he would not listen 
counter arguments. 

The bacteriologists have taught us t! 
the germs of a few diseases, as of choler: 
and typhoid fever, are carried from per- 
son to person through the medium 
human excreta, but neither these gern 
nor any others breed in this or 
kind of filth. The filth theory of 
origin of disease is dead. Foul odors d 
not cause disease. The health officer 
not interested in nuisances, unless t! 
involve excreta disposal, nor in plumbing 
and drainage, unless sewage is likely 
flow into a water supply. 
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The Theory of Contagion 
As all are doubtless aware, most of the 
For 
the most part, physicians, until com- 
paratively recent times, were not much 
nelined towards this theory. Hippoe- 
rates and Galen ignored it, and ancient 
and medieval followed their 
Some of the Italian physi- 


epidemie diseases are contagious. 


medicine 
eachings. 
eians, facing the epidemics of plague, 

ng the Renaissance, as Frascatorius 
1546), attributed the spread of the dis- 
ease to eontagion. Nevertheless, 
physicians before and after him took 
ttle stock in contagion, but considered 
the atmosphere and ‘‘epidemic constitu- 
tions’’ as the chief cause of outbreaks of 
Sydenham denied that even 
smallpox is a contagious disease, though 
he admitted that plague is. It is curious 
that plague was considered the one con- 


most 


aisease. 


tagious disease, though in fact it is only 
rarely directly transferred from one per- 
son to another, but is primarily a disease 
of rats and usually extends to man by 
means of the bites of rat fleas. 

The Jewish method of handling lep- 
rosy seems to have been the first appli- 
eation of the theory of contagion to the 
control of disease, and the Hebrew 
sacred writings doubtless had much to 
do with the attitude of medieval Europe 
towards this disease and perhaps towards 
plague, the care of these diseases being 
largely given by the monastic orders. 
As conspicuous examples of lay accep- 
tanee of the theory of contagion may be 
mentioned Thueydides and Boccaccio. 
Lord Bacon attributed the pestilence at 
the ‘‘Black Assizes’’ at Oxford in 1577 
to contagion from the prisoners brought 
from the jail. Richard Mead (1673- 
1754), one of England’s great physicians 
in the generation following Sydenham, 
firmly believed in the doctrine of con- 
tagion, though he admitted atmospheric 
corruption. During the nineteenth cen- 
tury, even to the time of Pasteur, the 
argument continued between the con- 
tagionists and those who believed in 
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his followers changed al] 


Pasteur and h 
that. The year 1877 may be taken as the 
beginning of 
cine, for it was then demonstrated 
the first time, the 
doubt, that anthrax, a disease sometimes 
affecting human beings, was caused by 


modern preventive medi 


1or 
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living germs. Pasteur and Koch gave 
to the world the new science of bacteri- 
ology. The discovery of germ after germ 
“ame in rapid succession until now it has 
been clearly proved that about a hun- 
dred infectious diseases are caused in 
this way. Scientists often use the term 
‘‘nathogenie micro-organisms,’’ but I 
prefer to call them germs, or to use the 
rather better French word microbes. 
The majority of these microbes are bac- 
teria, which are decidedly vegetable in 
character, others are protozoa, lowly 
forms of animal life, and some are 
microscopic worms. Bacteria received 
the earliest and most thorough study of 
all the germs. Bacteriology is an exact- 


ing science and the great number of 


laboratory men who soon appeared were 
imbued with the scientific spirit and 
were trained in logical methods of 
thought. A great volume of real knowl- 
edge of the nature of infectious disease 
soon took the place of crude theory. A 
new and wonderful aid had come to the 
assistance of epidemiology. 


Germs Grow ONLY IN LIVING 
Bopies 

Although 1877, the year of Pasteur’s 
great demonstration, has been named as 
the dividing point between ancient 
theory and modern fact in epidemiology, 
a long time elapsed before the old 
theories died and men were convinced 
of the truth of the new discoveries. 
Though there are even now some 
doubters, I will venture to mention here 
some of the more important truths which 
are now accepted by most epidemiologists 
as the basis of their science. 

Fifty years ago it was vehemently de- 
bated whether the virus of discase does 
not arise de novo. When cholera ap- 
peared at many points in the Mississippi 
Valley, in 1873, some thought it im- 
ported, some believed that it was a prod- 
uct of our native filth, There was a 
similar dispute about yellow fever and 
typhoid fever. Even the germ theorists 


7 


were in doubt. The question of th 
taneous generation of life has now 
settled. All biologists are agre: 
that. Every diesase germ, like ey 
and every horse and every huma: 

is derived from ancestral germs 
horses, humans. Now, if we find a, 
of cholera or yellow fever or ty; 
fever, the epidemiclogist knows 
must have come from a previous 
which it is the business of the |} 
officer to find, if possible. 

During all time it had been b 
that an important if not the 
source of infectious disease is outs 
body. The filth theorists thoug 
their miasms came from an unc! 
vironment. The germ theorists t] 
that their germs bred outside t! 
in organic matter. They divided th 
demic diseases into two classes. Ii 
disease poison, or germ, developed 
side of the body they called it infecti 
if it developed inside the body and \ 
passed from person to person, 
ealled contagious. When the labor 
men began to study disease germs 
found that it was very difficult to ¢ 
them. Some they are even now w 
to propagate. It became clear that 1 
disease germs when they leave th 
speedily perish, unless they are car 


nurtured in the laboratory by skill 


technicians. In rare instances, they 
grow for a short time in milk, or 
other favorable medium, if all th 
ditions are right. Formerly, when 
health officer found a person wit! 
phoid fever or diphtheria, he soug! 
the source of the disease in a cess} 
sewer or dung heap. Now he knows 
must search for it in some other hu 


being. He knows that nearly all! epi 
demic diseases are contagious.  T! 
pass from person to person, though oft 


by a very circuitous route. It per! 


should be mentioned that the germs of 
few diseases pass from the lower anim 


to man, but this is totally different fr 


growing in water, soil, ete. The ¢| 
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iemiologist confines his attention to liv- 
ing beings, neglecting dead matter as a 
souree of disease. 

[IMPORTANCE OF ‘‘CARRIERS’”’ 
AND ‘‘ Missep Cases’”’ 

The laboratory has taught the epi- 
lemiologist not only where not to search 
for the source of disease, but where he 
should search. The laboratory 
shown that when disease germs gain ac- 
cess to a person, they do not always 
He may feel perfectly 
‘carrier’ 


has 


make him sick. 
well, and go about, a healthy 
if disease germs. Again the germs may 

ike their host only slightly ill, causing 
such atypical symptoms that, even if 
seen by a physician, the disease would 
be recognized, would be **missed’’ 
y the doctor. The laboratory has given 
the physician and the 
many methods of the greatest value as 


epidemiologist 


jids to diagnosis and which help greatly 
in the search for and study of carriers 


Ab 


ind missed cases. 


Moves or TRANSMISSION 
The Air 
It is not only in finding the sources of 
infection that the has 
made great progress, but also in deter- 
mining modes of transmission. It is not 
surprising that the air was long consid- 
ered the chief vehicle of infection, and is 


epidemiologist 


today by a large portion of the laity. 
The adherents of the miasmatie theory 
of disease must necessarily look to the 
atmosphere as the bearer of the poison, 
and to the believers in the germ theory 
it seemed almost certain that such 
minute particles as germs must be freely 
waited by the air even long distances. 
Since, at that time, the dangerous ‘‘car- 
rier’’ was unknown, the fact that, often, 
no direct connection between cases of 
contagious disease could be established 
almost necessitated the theory that the 
contagion was air-borne. The demon- 
stration by the early bacteriologists of 
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demiologists have learned that they 


contagious dist 


rarely spread through the air, ever 


the home or 


in hospital wards 


Contact Infection 


As a result of the collaboration of th 
laboratory and the epidemiologists, it has 
been fairly well determined that the com 
mon contagious diseases are spread 
chiefly by 
transfer of quite fresh infective mate 


Doubtless, this 


means of the quite direct 


from person to person. 
is most commonly accomplished by th 
smearing of saliva and other body fluids 
on the fingers and on the countless ob- 
jects which pass freely from hand to 
hand and from hand to mouth. This is 
the contact infection of the epidemiolo 
gists. Sedgwick, of Boston, was, per 
haps, the first to call attention to this as 
village outbreak of 


observed during a 


typhoid fever. He says: 
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Children abound; and, as there are no fences, 
and because it is the custom, they mingle freely, 
playing together and from 
house. The families are of that grade in which 
food always stands upon the table; meals are 
irregular except for those who must obey the 
factory bell. The children play awhile, then 
visit the privies, and with unwashed hands finger 
the food upon the table. Then they eat awhile 
and return to play. Or, changing the order of 
things, they play in the dirt and eat and run 
to the privy, then eat, play, and eat again, and 
this in various houses and in various privies. 
For them, so long as they are friendly, all 
—dirt, dinners and privies. 


house to 


passing 


things are common 


It will perhaps be remembered how 


our army was ravaged by typhoid fever 


during the Spanish War. A commission 
was appointed which started out with 
the idea that the disease must be water- 
borne. After much study it was decided 
that contact, direct or through the 
medium of food and flies, was the 
cause. Numberless epidemiological stud- 
ies throughout the world have since 
made it certain that, in the absence of 
epidemics due to gross infection of water 
supplies, quite direct contact is the cause 
of most typhoid fever. 

It is a surprise, and rather shocking, 
to learn that the human ‘hands are so 
often the carriers of excrement, yet that 
it is so is abundantly proved by both 
bacteriologists and epidemiologists. Who 
ean doubt that the fingers are ten times 
more likely to be smeared with saliva, 
and that they play the chief part in the 
spread of our most common diseases, in 
which the secretions of the mouth are the 
chief source of infection. 

Other methods of transmission are by 
food and drink. Thus living typhoid 
germs or cholera germs may be carried 
many miles in milk or in water. The 
control of such modes of conveyance has 
resulted in an enormous 
those diseases which were formerly com- 
monly spread in this way, though serious 
outbreaks sometimes occur even now, as 
is shown by the sad experience of Mon- 
treal with typhoid fever last year. Our 
knowledge of these modes of disease 


decrease of 
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transmission are due almost ent 
studies by the epidemiologists. 


Insect Transmission 


Another fact of the utmost import 
to epidemiology and to the preventi 
disease is that certain contagious dis 
are spread by biting insects. Tha 
sects play a part in disease transm 


has long been suspected by a 
Mitchell, Nott and King in this cou 
Finlay in Cuba, Beauperthuy in 

America, Manson in China, and 

suggested the theory that 
transmit the virus of malaria and 
fever and filariasis. Theobald Smit 
this country, in 1893, was the fi: 
prove definitely that a disease n 

transmitted by insects and to show 
it is brought about. He demonst 
that Texas cattle fever is spread 
animal to animal by a species of 
Among the more 


mosq 


important dis 
transmitted by insects may be ment 
malaria, yellow fever, bubonic 

typhus fever, dengue and African s 


ing sickness. The development of 


knowledge of these diseases furnishes t 


most fascinating chapter in m 
history. 
IMMUNITY 


From ancient times it has been |! 


that in most contagious diseases 01 
tack protects against 
influenza seems to produce som 

munity in many of its victims, thoug! 


another. 


is usually far from complete or lasti: 


It is only in quite recent years tl 
have learned that it is by no m 
always necessary for a person to hi: 
typical attack of a contagious diseas 
acquire immunity. Many times, p 
have such a mild attack of dipht 
or searlet fever that it is unnoticed 


the immunity may be as complete as t! 


following a severe case. Again, it 
now well known that, in most contag! 
diseases, a still larger portion of 
population acquires the germs wit! 
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being sick at all. They are merely car- 
riers, but are, nevertheless, immunized 
their germs. It is believed that the 
mount of such natural immunity in a 
community is the important 
‘sators in determining the course of out- 


one of 


In large towns and cities, where 
1e’s contacts with fre- 
quent, the number of such immunes is 


others are so 


usually very much larger than in rural 

In our mobilization camps re- 
from rural the out- 
contagious disease 


listricts. 
eruité d 


breaks of 


districts, 
were 

in 
eamps recruited from cities where so 
many had become immune. 

It has been a common observation, and 
one that puzzled epidemiologists, that 
very young infants are less susceptible to 
contagious disease than they are a few 
months later. Now we know that the 
human body, when attacked by the 
germs of disease, begins to protect itself 
that 
s, antidotes against the germ poison. In 
diphtheria the antibody, or antitoxin, 
ean be measured and we know that it 
continues in the blood long after the 
germs have disappeared. The blood of 
many mothers contains diphtheria anti- 
toxin, and it passes to their unborn 
babes and is also furnished in the milk 
after birth. The same thing undoubt- 
edly happens in many other diseases. 
This explains the comparative immunity 
of new-born children. 

Ever since the discovery of vaccina- 
tion against smallpox, medical men have 
sought immunization against other dis- 
eases, but it remained for Pasteur to 
show the way. Successful methods are 
now employed against several diseases, 
as diphtheria, typhoid fever, scarlet 
fever, dysentery, cholera, plague, measles 
and rabies. The laboratory man devises 
the methods and the health officer ap- 
plies them, but to the epidemiologist falls 
the duty of appraising their real worth. 


by the manufacture of antibodies, 
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FieLp WorK 
Among the mi t} ods employed by en! 


demiologists in their 


studv of 1sease, 
none has been so fruitful as what 


be called fir ld worl 


portant study of thi 


An excet dingly 
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Idle 


ind w 


John Snow, of London, about the mi 
of the last century 
he lieved 


spread by a miasm from 


It was then al 
universally that chol 
pol 

A severe, but sharpl; 

of cholera oceurred in 
Parish in early September, 
were far more deaths than 
similar district in Lond 
ferent conditions, such a 


cleanliness, sey 


ventilation, 
supply and nuisances had been invest 


gated by the authorities without result 
Snow obtained the location of all cholera 
deaths in the parish and plotted them on 
amap. There were several public wells 
which supplied different districts. It 
appeared that the great bulk of the cases 
was nearer the Broad Street Pump than 
any other. Investigation that 
many of the patients, a little outside the 
district, also went to the Broad 
Pump, because the water was colder 
An almshouse and a 
midst of the district, which had wells of 
their own, were almost « 
Two women in 


showed 
Street 


brewery in the 
xempt from in 
the West End 
them from Broad 
A visitor 


the 


fection. 
who had water sent 
Street developed cholera. 

from another town who remai 
district only twenty minutes, but who 


ed in 


drank from the well, soon sickened of the 
Snow rightly coneluded that 
the well was the source of cholera, and 
had the pump handle removed and the 
outbreak, which declining, 
ceased. Similar studies were made by 
Snow in 


disease. 


was soon 


connection with the various 
municipal water supplies of London, 
which are 1 
By 


cholera cases, he found that the ease rate 


derived from various sources. 


studying the distribution of the 
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on one supply was five, on another 
seventy-one, on a third 288. The last 
was the most polluted, the first the least 
polluted. Similar studies all over the 
world have demonstrated the very great 
importance of water as a distributer of 
the germs of cholera, of typhoid fever 
and of certain other diseases. 

At the time of the American Revolu- 
tion there was a country physician in 
Gloucestershire, England, named Ed- 
ward Jenner. He was an observing, 
thoughtful man, who had friends among 
the ablest medical men in London. He 
soon learned that the cows around about 
occasionally had a slight disease called 
cowpox, characterized by a few vesicles 
on the udder. Farmers and dairymaids 
occasionally contracted the infection, the 
vesicles appearing on the hands. It was 
a tradition among the country people 
that such persons could never contract 
smallpox. Jenner wisely did not disre- 
gard this tale, but for years kept his eyes 
and mind open. He found many persons 
who had had cowpox, but who never con- 
tracted smallpox, though exposed to it. 
At this time it was common practice to 
inoculate persons with smallpox, because 
they thus had the disease in much milder 
form than when they contracted it in the 
ordinary way. Jenner, as occasion of- 
fered, inoculated with smallpox many 
persons who had had cowpox recently, 
or in former years. None contracted 
smallpox. Jenner also found that cow- 
pox, or vaccinia, as he named it, could 
be easily transferred from person to per- 
son. In May, 1796, he thus ‘‘vacci- 
nated’’ a young boy and two months 
later inoculated him with smallpox. He 
did not develop the latter disease. <A 
great many similar tests were made of 
the new procedure, both in Europe and 
in this country. Though an abundance 
of statistical evidence and personal ex 
perience, running over more than a cen- 
tury, has demonstrated the worth of this 
achievement, no more conclusive evi- 
dence was needed than the inoculation 


with smallpox of groups of pers: 
ing together, some of whom had 
vaccinated and some not. It 
variably found that the vaccinat 
not contract smallpox. The others 

During 1889, influenza, which 
been absent for many years, appear 
Russia and, within about three m 
spread compietely over Europ 
America. Its progress was so rapid t 
to many it appeared that it must bi 
borne, even across great ocean stret 
Parsons, in England, determined 
out. He got the facts from great 
bers of isolated communities, 
others from four hundred off-s 
lighthouses and lightships an 
thousands of seagoing vessels. In 
one instance was one of these att 
by influenza without human inte: 
with the land. In a similar man 
was shown that isolated hamlets 
dwellings among the Alps had no 
fluenza until after the arrival « 
visitor. Influenza is surely not an 
borne disease. 

There is one very important disease 
which I might be criticized for including 
among the germ diseases, for it is ca 
by an extremely minute worm. | 
to the results of infestation by | 
worms. However, this so resembles th: 
diseases we are considering that it is | 
to refer to it here. These worms | 
long been known, and it was also know 
that they caused some disturbance o 
health of workers in certain mines. N 
one imagined that the disease could bé 
scourge of whole countries until Ash- 
ford, one of our army physicians, 
1899, began to study the very prevalent 
anemia in Porto Rico. It was speed 
found that, not only in Porto Rico, but 
in our southern states, and also in n 
warm climates, hookworms cause a vast 
amount of disability. A simple way was 
soon found to free the patient from th 
worms. It was also found that if hun 
excrement is properly disposed of, t! 
will be no hookworm disease, but to con- 
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trol it simply and economically has re- 
uired an immense amount of epidemio- 
logical study of the distribution of the 
worms, of the temperature and rainfall, 
‘ the nature of the soil, of the manner 
§ infection, of the amount and per- 
sistence of the infestation and of the suc- 
ss of methods of treatment and of ex- 
To discover the essential 
To find 
effective means of control is quite an- 
ther. To plan and test such means is 
the province of epidemiology. 


ereta disposal. 
eause of a disease is one thing. 


ANIMAL EXPERIMENT 

Much field work, as in some cf the ex- 
amples just given, was done before the 
germs of the diseases were discovered, in- 
deed, before microbes and their disease- 
producing powers were known at all, but 
it is, nevertheless, true that the labors of 
Pasteur and of his countless laboratory 
followers have piled up a wealth of 
knowledge about disease germs which has 
been of tremendous value in all epi- 
demiological study. The greater part of 
this knowledge has depended on the use 
of small animals, as mice, guinea-pigs 
and rabbits. Only a very few diseases 
spread naturally among both humans 
and animals. In this climate tubercu- 
losis is almost the only common disease 
which does so; nevertheless, such animals 
may be of the use. Thus, 
though guinea-pigs are not naturally 
subject to diphtheria, the inoculation of 
the germs causes characteristic symp- 
toms, and the discovery of antitoxin and 
immunization against this disease de- 
pended almost entirely on the use of 
these animals. Also animals have been 
much used for feeding and inhalation 
experiments for the study of the modes 
of transmission of tuberculosis. 

Bubonie plague, which is such a tre- 
mendously destructive disease to man in 
many parts of the world, is common also 
among various kinds of animals: indeed, 
it is primarily a rats, sec- 
ondarily attacking human beings. Prob- 


greatest 


disease of 
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ably the plague problem would never 


have been solved thout the discovery 


of the germ of the disease, which was 
a Japanese and 


bu 


made simultaneously by 


1894. 


+h) 1; 
LHIs dI1s- 


by a Frenchman, in 


+ 


¢ 
44} 
Oo ll 


covery itself li 


would be interesting, indeed, to 
the various field observations whic] 
to the theory that the disease is car 
from rats to man by fleas, but space 
bids. 


experiments of the English Plague C 


+ ‘ } 
I o the DI 


I will simply r 
mission, which were carried out in Ink 
and which demonstrated the fact bey« 
The inhabitants of a | 

had 


Guinea-pigs were then 


question. 
stricken village abandoned it, as 
often happened. 
allowed to run about some of the houses. 
Many of them speedily died of plague 
and rat fleas infected with plague germs 
were found them. Other guinea 
pigs were exposed in boxes covered with 


upon 


netting to exclude fleas and none had the 
disease. Others protected from fleas by 
Aaiso 


tanglefoot placed around the cages 


remained well. Others, still, were ex- 
posed to soiled elething in infected 
houses, but remained well, except in th 
few instances in which fleas happened to 
remain. was, 


after centuries of speculation, solved by 


The problem of plague 
a few simple experiments. 


EXPERIMENTAL EPIDEMIOLOGY 
This is the technical name of a rather 
new method of study which is proving 
of very great value. It is less than ten 
years since Topley, in London, began a 
series of experiments dealing with the 
ol 


Occasionally 


contagious disease among 
experimental 


t 
animals had 


spread 
mice. 
demics among laboratory 
been studied but 
first time an extended series of experi- 
out in the at- 
the general prob- 


pi- 


before. this was the 


ments had been carried 
tempt to solve some of 
lems relating to the rise and fall 
work had been to 


of epli- 


demies. Previous 


solve some particular problem concern- 


ing some particular disease. 





490 THE SCIENTIFIC MONTHLY 


curious that, a little later, a quite simi- 
lar series of experiments was begun at 
the Rockefelier Institute, in New York, 
without any knowledge of what was 
being done in London. It is also of in- 
terest that, since the two groups of in- 
vestigators became acquainted with each 
other’s studies, they have worked on 
their problems in complete harmony 
and with constant cooperation, though 
the character of the experiments on the 
two sides of the ocean has varied con- 
siderably. 

When a cage of mice is infected with 
mouse typhoid, or certain other diseases, 
a little time must elapse before the epi- 
demic gets into full swing. After 
awhile it begins to decline and gradu- 
ally dies out. The reason for its dying 
out is that the surviving mice have been 
immunized by non-fatal doses. Now, if 
a batch of susceptible mice are added 
to the immune herd, in a short time the 
added mice begin to die and another 
epidemic occurs. At first the survivors 
of the first outbreak resist the new wave 
of infection, but after a time some of 
them, too, succumb. Much light has 
already been thrown on the problem, 
but many of the facts observed in these 
experiments are difficult to understand, 
and they are still under investigation. 

Since the development of bacteriology 
many have been inclined to forget that, 
as it takes two to make a quarrel, so it 
takes two to make a disease, the microbe 
and its host. There is a constant strug- 
gle between disease germs and the bodies 
of animals and of human beings that 
they invade. There is also a tendency 
for an equilibrium to become established. 
The germs kill off the most susceptible 
and immunize the more resistant. In 
some of the resistant individuals the 
germs become more or less firmly estab- 
lished, thus producing carriers, which 
carry over the virus until more suscep- 
tible material is available. This group 
of experiments has forcibly called atten- 
tion to this tendency to equilibrium, and 


to the importance of carriers and o 
immunity in the rise and fall 
breaks of contagious disease. 
light also is thrown on changes 
virulence of the germs and on the ef 
of the dosage of the germs and 
diet of the animals. 

Commander Dudley, of the 
Navy, has been making carefu 
of outbreaks of diphtheria, sear! 
and influenza on _ shipboard, 
boarding schools, where conditions 
be controlled, somewhat as in the ca 
of mice. He comes to conclusions vi 
similar to those of Topley and Flex 
and their coworkers. As in mice, s 
humans, carriers play an important 7 
in the causation of outbreaks. Na 
immunization, largely by doses 
virus too small to be infective, iner 
the immunity of the group and b: 
outbreaks to a close and then the ad 
tion of newcomers starts the dis 
again. Dudley, more convincingly t] 


any one else, showed the immuni: 
effect of continued slight exposur 


eases or carriers. In the Royal N 
School at Greenwich he found t!] 
munity to diphtheria, as indicated 
the Schick test, significantly higher 
boys who had been through an outbr 
of diphtheria in the school, wit! 
themselves contracting the disease 

it was in a comparable group of b 
who had not been similarly exposed 
diphtheria. 


EXPERIMENTS ON HUMAN BEINGS 

A number of important epidemio! 
cal facts have been learned by expe! 
ments on human beings, sometimes acci 
dental, sometimes deliberately plam 
Seores of times in various laborat 
pure cultures of disease germs have 
accidentally drawn into the mouth 0! 
nose of some one, or have gotten i 
cuts in the skin and have caused disea 
Cholera, typhoid fever and diphther 
have thus been caused in different parts 
of the world, and no better proof is 


he 
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afforded that these germs are the true 
There 
is 8 considerable list of disease germs, 
the virulence of which for human beings 
has been proved in this manner. 

At other times the infection of human 


uses of these specific diseases. 


os has been intentional. Many inves 
tigators have made tests on themselves, 
and many persons have volunteered for 
he experiment, sometimes with 
sometimes without pecuniary reward. 
[The most conspicuous example of such 
experiments is that made during the 
study of yellow fever by our army com- 
mission in 1899 and 1900. The observa 

ms of Dr. Carlos J. Finlay, of 
Havana, had shown that a certain mos- 
quito, now called Aédes egypti, is par- 
ticularly numerous where yellow fever 
abounds, and he suspected that it was 
the cause of the disease. Henry R. 
Carter, of our Public Health Service, 
had observed the curious fact that, 
though the incubation period of yellew 
fever is about five days, there was always 
an interval of fifteen to twenty days 
after yellow fever was brought to a new 
place before secondary cases developed. 
The commission thought that perhaps 
this might be due to the time necessary 
for the growth of the germs in the mos- 
quito, so they determined to take up first 
the mosquito Yellow fever 
was continually taking its toll of victims 
in Havana, so that considerable risk was 
warranted. The question of mosquito 
transmission could be speedily settled by 
testing it on human beings. Two mem- 
bers of the commission and a number of 
other volunteers allowed themselves to 
be bitten by mosquitoes which had pre- 
viously bitten yellow fever patients. 
Most of the men developed yellow fever, 
and some of them died, including 
Lazear, of the commission. Their sacri- 
fiee has already saved vast numbers of 
lives and untold wealth. In all, twenty- 
four persons acquired the disease by 
voluntary exposure to the bites of in- 
fected mosquitoes. The experiments 
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Often these data are of value just as 
they are, or after being subjected to very 
simple mathematical treatment. Thus, 
a health officer of a growing city who 
ean show from his death records that 
there were 122 deaths from typhoid 
fever in 1882, and none in 1922, has no 
need to do more to prove that fatal 
typhoid fever has shown a phenomenal 
decrease. If the city has been growing 
and the decrease in deaths has not been 
large, it may not be so evident, and he 
may have to caleulate the rate, that is, 
the number of deaths per one hundred 
thousand of the population, before he 
ean be sure of the decrease and espe- 
cially of its amount. Again, suppose a 
health officer wishes to know how often 
a second case of infantile paralysis 
occurs in a family. If he has had an 
outbreak of one hundred cases, and four 
of them are secondary cases, is he justi- 
fied in assuming that four is the correct 
percentage of secondary infections? By 
no amount of thought ean he determine 
whether it is or whether he ought to 
have twice or ten or a hundred times as 
many cases before he can be reasonably 
sure of the secondary -attack rate. 
There are, however, mathematical for- 
mulas which will inform him, within 
reasonable limits, how large a sample he 
ought to have. If one thousand soldiers 
have been immunized against colds and 
have been followed through the winter, 
and it is found that 586 contracted a 
cold, while 702 of one thousand not 
immunized soldiers living under the 
same conditions suffered from colds, is 
the difference sufficient to warrant the 
conclusion that sueh immunization is of 
value? Here again statistical methods 
will help in determining the probability. 
In studying the possible causative rela- 
tion of events, mathematics are of much 
value to the epidemiologist. 

There are, however, certain persons 
who have gone very far in their attempts 
to solve epidemiological problems by 
means of mathematical formulas. Using 


the statistical material furn 
health officers and registrars, th 
such formulas, attempt to solve sor 
the most difficult problems of cau 
such, for instance, as the causes 
great decline of the tuberculosis qd 
rate. Again, they claim to be a 
establish the true periodicity of 
Thus it is alleged that influenza 
every thirty-three or sixty-six wi 
In the opinion of many persons 
tent to judge, it is believed that som: 
these refined statistical methods a: 
suitable for the solution of many 
health officers’ problems, and also t] 
they have not, as yet, led to establis} 
many epidemiological facts of i 
tance. 

In the statistical analysis of re 
of cases and deaths it must also be b 
in mind that the conclusions reached 
only as sound as the data on which 1 
are based. Thus, if three fourths « 
eases of scarlet fever are reported in 
city and two thirds in another, it is « 
ous that no refinement of statist 
method can make the two series o 
ures comparable, so long as the complet 
ness of the reporting remains unk: 
A certain familiarity with statist 
methods will help the epidemiologist 
avoid many pitfalls in the interpretat 
of his figures, but it is upon the p1 
selection of data, the careful use of « 


trols, and interpretation consistent wit! 
the known facts of the disease in ques 
tion that the soundness of epidemiologi- 


eal studies really depends. 


RESULTS 


ry? 


The study of epidemiology has | 


foundly modified our methods of dealing 


with contagious diseases. The old met 
ods of arbitrary detention and destru 
tive disinfection of incoming vessels | 
given way to effective inspection 
removal of contacts. Fumigation is 
served only for plague ships, and is! 
destructive. On shore the fumigat! 
of dwellings and schools also has b 
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abandoned. The useless search for dis- 
ise in drains and cesspools has ceased, 
the search for human carriers 
schools, institutions and dairies 
fnds the true sources of infection and 
nermits eontrol. A _ wet no 

nger hung before the door of the sick 
rom, but the attendants are taught to 
wash their hands even as the surgeon 
not the street 
when they see a scarlet fever warning 


In 


iu 
mes, 


sheet is 


oes. Persons do cross 
sign, nor is it necessary to place an iso- 
lation hospital in a lonely spot. All our 
methods of isolation are becoming more 
rational and effective and less of a bur- 
den on the afflicted. 

Cholera no longer feared and 
typhoid fever is a vanishing disease. 
The discovery of the germs of these dis- 
eases has been of great assistance to the 
epidemiologist, but before the days of 
Koch and Eberth the source and mode 
of spread of these scourges had been 
largely worked out. The efficiency of 
water filtration, pasteurization 
milk and of immunization have been 
tested by the epidemiologist, and their 
worth has been proved. Epidemiology 
has furnished the weapons to the health 
officer, and politics alone can prevent 
their successful use. 

The imminent extinction 
fever is due entirely to epidemiological 
studies. 
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A VISIT TO FABRE’S HARMAS 


By Professor GLENN W. HERRICK 


CORNELL UNIVERSITY 


Now that svientifie research has ac- 
cumulated, almost within the last quar- 
ter of a century, an entirely new and 
astonishing amount of knowledge con- 
cerning the vital relation to man of 
those small creatures we call insects, the 
world has become much interested in the 
activities of these animals and in the 


role they play in the world. Since it 


has been conclusively demonstrated that 
fleas, mosquitoes, houseflies, body lice 
and other insects carry the unseen or- 
ganisms that cause some of the most 
malignant diseases to which man is sub- 
ject, we have begun to look upon these 
tiny creatures with more than passing 


interest; and upon the men who are 
devoting their lives to a study of them 
with considerable respect. But long 
before investigators discovered that in- 
sects are the carriers of disease-produc- 
ing organisms which interfere seriously 
with our health and happiness, there 
were men who were interested in these 
small animals and were painstakingly 
observing them and their ways, solely 
because of their great inherent scientific 
interest—because they exhibit a most 
amazing variety of habits, adaptations, 
instincts and modes of living. Such a 
one was Jean Henri Fabre, of modest, 
humble character, but profoundly de- 
voted to a search for the truth. 

Victor Hugo, in an appreciation of 
Fabre, called him ‘‘the Homer of the 
insects,’’ while Edmond Rostand, in a 
subsequent eulogy of the man, bestowed 
upon him the title, ‘‘the Virgil of in- 
sects.’’ Neither of these titles is ade- 
quate, for each expresses but one of 
Fabre’s gifts, namely, that of a story- 
teller and writer, thus failing altogether 
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to convey any notion of his other 
quality, his transcendant obsessi: 
observing the ways of nature. Fro: 
childhood Fabre 


passionate curiosity concerning th: 


was obsessed wit 
and ways of living creatures, es} 
insects. Born of illiterate parents 
utterly failed to comprehend their 
markable child and whose superstit 
notions were aggravated by the w 
less stones and queer 
‘*little simpleton’’ brought home i: 
pocket, as though ‘ 
evil spell over him,’’ he pursued his 
without sympathy, amid 
quited toil, persistently 
search for truth to the very end 
eventually fruitful life. His early 
hood was spent on the high, bar 
sterile pasture lands of 
Southern France, where 
for existence was terrific. 
Indeed Fabre’s whole life was a 
mendous physical struggle, yet it 
from his young manhood at least, 


creatures 


“some one had CAST 


much 


following 


Provence 


succession of happy, glorious, excit 


days, intellectually. 
us in our usually superficial way w 


Probably most 


the strugg 


say that Fabre was too impractical 


meet with any degree of material 
the struggle 
which he found 


for existence 1¥ 


himself 


cess 


confront 


The truth is, his spiritual qualities w 


too insistent and his absorption 
persistent search for the truth too « 


plete for him to give much mater 
thought or effort to the morrow of |! 
As a result, the grim specter of wa 
skulked just around the corner from |! 


door nearly all his long, eventful 


But no one can say that the man who ! 


] 
| 
i 


17 


the fire of scholarly research and answers 
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A VISIT TO FABRE’S 


its call within him could not attain 
terial success if he cared to put away 
he former and enter with zeal upon the 
nursult of the latter. It is not too much 
, say that the human qualities requisite 
for suecess in either field are much the 
same—singleness of purpose, fidelity to 
truth, faith, work, and 
again, work. It seems passing strange 
that a man with the high ideals of Fabre 
and the courage to follow them against 
all adversity should suddenly emerge 
from such a humble, barren, inhospitable 
environment and stand like a towering, 
weather-beaten but sunlit butte on a 
bare, lonely plain. He was unable to 
explain it, for he always believed himself 
to be a living refutation of that portion 
of the theory of evolution which holds 
that heredity and environment largely 
determine what a person’s character and 
ability shall be; but de Vries’ work on 
jutations and the knowledge of Men- 
el’s experiments on the dominant and 
recessive quaiities of hybrids came too 
late for Fabre to appreciate the full 
significance of them and their possible 


imagination, 


I 


l 


application to his own existence. 

Nimis, the largest city in the general 
region of Provence, was the terminus of 
the great Roman road that left the im- 
perial city through the Porta dei Caval- 
leggeri over the Aurelian way, skirted 
the Mediterranean through northern 
Italy and passed along the Riviera of 
France for the most part where that fine 
modern road, the Grand Corniche, now 
runs. Over this road during the first 
centuries of the Christian era came the 
flower and culture of Rome, pouring into 
the Valley of the Rhone which became 
the center of Roman civilization in 
Southern Gaul, with Arles as the capital 
and with Nimis, Avignon and Orange as 
outlying cities. Hardly had the develop- 
ment of this Roman province come to its 
fruition before the cruel, crushing Goths 
arrived in the fifth century and overran 
Provence, capturing Arles and complet- 


HARMAS 


ing the destruction of 


of Roman civilization triumph 
the Goths was short-lived, however, 
they were overwhelmed some two hw 
dred years later by the Saracens, who in 
turn were expelled by Charles Martel in 
739 when the country came again u 
rule. Amid all 


definite Frankish 


welter and chaos of races, in which ther 


less mingling 


must have been more or 
many bloods, who can say that an int 
lectual 
for 


strain of Roman culture, rec 


sive centuries, did not sudden! 


reappear in Fabre, or that its incipi 
did not forth as 
mutation to produce this nat 

We only suggest the idea, we do n 
argue it, for it matters little how 
came, but that he was here does mea 
much to humanity. 


potency burgeon 


ural 


Fabre’s schooling during his early 


boyhood days was meager, poor in qual 
ity and obtained at a sacrifice of physical 
strength. His thirst for knowledge and 
his great industry carried him through 
these early years and in 1842, at the age 
of nineteen, he acquired a diploma to 
teach in elementary schools and obtained 
a position as teacher in the ‘‘college’’ of 
Carpentras. Fabre was a born teacher 
and at the 
respect of his pupils by the vivid, living 
taught 


In the meant ime, 


once gained interest and 


manner in which he chemistry, 
physies and geometry. 
ambitious for a professorship in a real 
desire for 
] 


iOng 


college, and imbued with a 
studied 


evenings and every spare hour of his 


research, he during the 
holidays to perfect himself in math 
matics and the sciences while he strug 
gled to maintain life on a pitiful salary 
of seven hundred franes a year. The 
opportunity for which he was preparing 
came at last, for early in 1850 he was 


invited to occupy a vacancy in the de- 


partment of physics and chemistry in the 
College of Ajaccio, in Corsica, where he 
became greatly interested in the flora of 


the island and made an extensive collee- 
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tion of the native plants. Suffering 
severely from malaria, however, he was 
glad, after three years of service at 
Ajaccio, to accept a call to the chair of 
adjunct professor of physics in the Lycée 
at Avignon. Thus he returned to the 
region in which he had been born and 
reared. Here he taught and carried on 
his laborious researches on living insects, 
happy in the opportunity to live, to 
‘‘pry into life,’’ and to observe nature 
under the blue sky of his native land; 
for it was while in Avignon in 1854 that 
he chanced to fall upon an entomological 
treatise by Jeon Dufour which so en- 
thused and engrossed his mind that he 
at once began those remarkable studies 
of his on the habits of living insects 
which finally came to occupy his whole 
time and thought to the very day of his 
death. 

As a teacher, Fabre thought that 
natural history should be taught from 
nature itself and not from books. He 
also believed it might be taught to girls 
as well as to boys. In this respect he 
was far ahead of his time and, as the 
sequel shows, suffered for it from the 
persecutions of those bigoted, intolerant 
individuals who were not able to see 
beyond the tiny horizon which bounded 
their restricted lives. The minister of 
education, Monsieur Victor Duruy, in- 
stituted about this time in the schools 
of France courses for the higher educa- 
tion of girls, a distinct innovation for 
those days. In the Lycée of Avignon 
these courses in the physical and natural 
sciences were assigned to Fabre. The 
girls were eager, enthusiastic and recep- 
tive, but Fabre soon found that to teach 
girls the composition of air and water, 
the nature of electricity, the manner in 
which a seed sprouts or a blossom opens 
was an abominable corruption of virgin 
innocence and must therefore be stopped 
by fair means or foul. Unfortunately, 
Fabre had no lease of the house in which 
he lived, a condition of which his per- 


secutors took full advantage: for 
morning in the summer of 187( 
bailiff appeared at Fabre’s home 
bluntly informed him that he py 
vacate the premises within four w 
from date or his household goods w 


be set into the street. By chance th 


only house he could find available y 


one in Orange, a small city some twely 


miles north of Avignon. Thence 
family and household goods were 
moved, thanks to the aid of a gener 
loan of three thousand frances made 
John Stuart Mill, who had spent ma 
happy days with Fabre roaming throu 


S 


his 
r 

re. 
us 
hu 
nv 
ny 


yr} 


the fields about Avignon where they had 


together collected the native flora 


which both were interested. Although 
Fabre still held the curatorship of th 


Requien Museum at Avignon which fu 


nished a small yearly stipend he had n 
to look about for further sources of 


, 
Ow 


in- 


come for the support of his increasing 


family. Thus necessity forced him 
begin that series of elementary t 
books of science which, written in 
inimitable style, proved so popular w 


t 
( 

xt- 

his 


t} 


beth young and old that the royalties 
from the sale of them were, at that time, 


and to Fabre, unexpectedly remune 


ye 
ia- 


tive. Here also, at Orange, was begun 


his great work, the ‘‘Entomologi 
Souvenirs,’’ which brought world-w 
recognition and permanent fame to 
author. His residence in Orange, h 


ever, did not prove to be permanent, { 


he was destined to make one more m 
which he determined would be his 


} 
Cal 
wie 


the 


Ow- 


for 


ve 


one. The cause of this final change was 
characteristic of the man and was t! 


natural outgrowth of his love for nat 


ners 
Al 


and his desire to observe the habits o! 


insects unmolested by curious passers 
The road leading up to the ho 
which Fabre occupied in Orange 


] )\ 


LSé 


was 


bordered on either side by a row of {1 


plane-trees which had afforded welc 
shade in summer and homes for bi! 
cicadas and other insects in whose so 


me 
“Ie 
A 


nos 


Lip 
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and presence he SO delighted : but the 
owner of the place, having little of the 
romance and love of nature in his soul, 
appeared one morning with workmen 
and tools and felled and disposed of 
every one of the cherished plane-trees. 
To Fabre it was an act of vandalism and 
so disheartened and disgusted him that 
he resolved then and there to acquire a 
place of his own where no trespasser 
could interrupt his observations and 
where no ruthless owner could eut and 
destroy. Thus was born the idea of the 
‘*Harmas,’’ which Fabre was now 
enabled to make a reality through the 
income from his writings. From his love 
of the fields and his desire for quietness 


he went to the little village of Sé 
five miles northeast of Orange, a: 
chased a deserted house with its 
neglected and overgrown garde) 
ated some little distance from th 
of the village, in a quiet, somew! 
lated spot. Here, then, at last, 
acquired ‘‘the bit of land long c¢! 
in his plans to form a laboratory 
ing entomology, the bit of land 
the solitude of a little villag 
‘*harmas,’’ which was to becon 
unsuspected by him, the mecea of 
an admiring fellow-worker. 

On a beautiful day in April th: 
on a pilgrimage to Fabre’s IH 
alighted at the station in the qua 


city of Orange with its interesti! 

















3 Fes\ So Aen Oe EO we 
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fa Roman Theater and its amaz 
ell-preserved Are ae Triomphe. 


we learned 


t of inquiry that 
‘bus made two round trips daily 
Orange and Vaucluse, the latter 
particular interest because it 

s here that Petrarch spent several 
if his middle life in the solitude 
quaint old home not far from 
mmering pool from which the 

river Sorgue takes its source. In go- 
ng om Orange to Vaucluse the bus 


nasses through the village of Sérignan, 
it stops long enough to discharge 
its infrequent 
to deposit the morning’s 
La of the P. i 
we passed uptown by 
Hlotel de La Porte et 
the Rue Victor Hugo, 
Are de Triomphe, and on out into 
country where the hard, white road, 


recelve 


passengers 
mail 
M. at 
way of 


Princes, 


Gare 


Leaving 
Orange, 
des 


around 


ne 


ed on either side with plane-trees, 


d through olive orehards and vine 


the 
moment 


rds until suddenly it 
Cours J. Henri Fabre 


found ourselves 


came into 


: and in a 


re we in the village 


FABRE’S 


HARMAS 


Square, facing the bronze stat 
Fabre reposed na sitting post 
wearing the br brimmed hat} 
always affected 

Serignan 18 a sleep: ttle ¢ross-} 


village, 


composed mai L\ ot 


men and mechanics—a_ blacks) 


cabinet maker, a wheelwright, a b 
mender, a carpenter, a_ baker 
main business seemed to be to ser 
peasant farmers in the in 
borhood, There is the in 
cathedral-like in its din T 
the Hotel de Ville, the Post 
et Télégraphe, a tiny shop disp 


interior, 


cheeses. some dried fisl and 


few 
staple vegetables and one equally 
which the village hous 


shop in 


purchase needles, thread, Vi 


ting, towels and other simple house] 
necessities Tl e streets are narrow na 
crooked, the houses are old. quaint stone 


and tiled 


dows and are 


affairs with a few t ny —_ 
built in all sorts of s 
and set in 
the 


modern 


apparently ans 


Pos Tion That 


suited faney of the buildet 


only TOUCHES } This Villaue 
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HARMAS NEXT 


TO THE STREET, 








ry ’ ‘“s “rT ’ 
THE SCIENTIF 
4 Ld 4a 


THE FRONT OF FABRE’S HOUSE 
some wireless antennae stretched across 
the roofs of half a dozen houses, an air- 
plane droning overhead, and the small 
wasp-like autos kicking up clouds of dust 
as they honked through the streets. 
Suddenly, as I stood taking a snapshot 
of the village square and statue, a kindly 
Frenchman appeared on a wheel, quickly 
dismounted and came directly to the 
stranger, for he too was a photographer, 
and an admirer of the man to whom he 
was sure the American had come to pay 


IC MONTHLY 


IN HIS HARMAS AT SERIGNAN 


homage. Monsieur Raymonde q 
introduced himself and enthusiast 
offered to conduct me to the Harn 

he knew the way, was acquainted 
Mademoiselle Fabre, and, what was 
wonderful to the stranger, he had 
visited Fabre while the latter was 


Thus |] 
and through the H 


was 


working. pers 
conducted to 
and, at the same time, entertained 
reminiscences of the entomologist 

laboratory I had come to visit. Fro 


and 
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square we turned back toward 
for perhaps three quarters of a 
til we came to an isolated place 
the unkempt fields somewhat pre 
s in for it 
d by a high solid stone and con- 
all. 
facing us as we approached was 
the 
characteristic of 


appearance, Was sur- 


Just within the wall in the 


ter of dark, conical 


cypress 
es so Southern 
Europe through which one could see the 
roof and patched stucco walls of 

e dwelling. We passed down a narrow 
ith along the north side of the harmas 
ntil we reached a plain wooden door 
set in the wall. My guide pulled the end 
fa wire beside the door and we heard a 
| tinkling in the distance which was 
romptly answered by a tiny servant 
girl, who ushered us into the quiet pro- 
ected precincts of the bit of land where 
spent thirty-eight years of his 

iter life observing the insect inhabitants 
The 


‘riven, 


ind writing of their curious lives. 
ord, harmas, as he explains, is ‘ 
this district, to an untilled, pebbly 
xpanse abandoned to the vegetation of 
the thyme. It is too poor to repay the 
vork of the plough; but the sheep pass 
ere in spring, when it has chanced to 
rain and a little grass shoots up 
lhis cursed ground, which no one would 
ive had at a gift to sow with a pinch 
f turnip seed, is an earthly paradise for 
s and Such it 
Fabre found it, but on this April day 
stepped through the opening in the 


wasps.’ was when 


all into another world, a world frag 
rant with the aroma of the native spring 
flowers, quiet, peaceful and permanently 
restful. 
As we passed through the tiny door- 
we entered a broad lane, or 
whieh, 


entw ined 


way, 
beginning beneath a locust tree 
with climbing roses, led 
straight on by the great water basins on 
the left and 


plane-trees in front of the house where 
dened a little. and then continued 


passed beneath two fine 


+ 


on between rows of blooming 


either hand to the great iron gat 
front wall which gave entrane 
when needed but was opened o1 
special occasions 

At the 
Mademoiselle Fabre, the 


who has been designated ca 


house we were recel\ 
oldest daug 
retaker Ol 
place now that it has become 
memorial under the care of th 
She had chairs brought 
down under the wide plane-trees in fro 


and we 


of the house. where we chatted about he 
father 
petite, with whitening hair 


and his work Mademoisel 


frail in appearance with her 
wrinkled face and hands, but her 
and questioning. She e\ 
the French 
manner, yet it was evident that she 
from the Amet 


| oOmMmave 


is alert 
none of usual Vivacity 
proud of the visit 
feeling that it was an act of 
her father. 

The broadened space in front of 
house was shut off from the garden 
the harmas by a low stone wall orna 
mented with urns and trailing vines. <A 
passageway in it led down to the brim 


ming pool with its tinkling fountain 
where aquatic¢ insects were skipping over 
the surface and diving into its depths 
than ated bi 


fore Sophie, the venerable tortoise who 


We were seareely more 


has been sinee the garden first began, 


came stumbling up the stone step from 


somewhere in the tangled shrubbery be 


low. and made _ straicht for the felt 


soli S ol 


slippers of Mademoiselle at the 
which she nibbled, whether as a request 


for food or as a turtle’s mode of caress 


I eould not tell: and if Mademoiselle 


knew she did not explain but gently 


shoved her turtleship away as the attack 
lifted 
round of the chair out of reach 

The 


storv 


was renewed or her feet to he 


house Is a simple, square, 
with a 
the left 


Fabre’s laboratory, supplemented by the 


dwelling wing on 


side, of which one Const 
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THE ELL OF FABRE’S HOUSE IN WHICH HE HAD HIS WORKROOM OR 
LABORATORY. 


glass house adjacent to the south side. fireplace, on the mantel of which s 
Fabre’s real workroom was on the second the earthen tube and the egg ol 

floor of this wing. It is a room about rowing beetle, Geotrupes, a tube 
fifteen by twenty feet with two small cicada with its nymph, and a tul 
wooden shuttered windows on the east. mining bee, all as Fabre had m 
In the middle of the room stands a long them. Around two sides of th 

table on which repose some small wire cases are arranged for holding his ¢ 
insect cages, two or three glass jars and tions of plants, shells and insects 
Fabre’s only microscope of ancient pat- main house has a wide hall rw 
tern presented to him by the chemist, through the middle, with the d 
Dumas. At the farther end is a large room on the left and the living-ro 
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‘LAS 








. 


a i 
THE STEPS LEADING UP TO THE POOL IN HIS HARMAS DIRECTLY) 


OF HIS DOOR 


-right. About the walls of the latter this part of the const 
re 


perhaps a dozen portraits of Fabre 


the living labora ry | nt 


tomoloe’s 


taken at different periods and at the 


which SO mans observat ons 
irther end stands a large cabinet 


ini? 


con on the behavior of 


mace 
i” various editions of his ‘* Sours The 


vara NH 5 
while on the table and the 
the middle ot the room 


Visitors 


MiTsS Entomologique ” tid wick 
reposes the spoke nh by he 


' 


book containing the names of 
who have called to pay homage to 


the scientist. It was the garden, 
evel 


stone wall 
thos vines, and the on the 
how border of the a ading to the 

that interested me most, for it was gate. As garden throug! 
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BIRD’S-EYE VIEW OF THE HARMAS, 


SHOWING THE HOUSE IN THE CORNER WITH THE WIDE WAY IN FRONT EXTENDING 


GATEWAY; THE CIRCULAR POOL AND THE GARDEN WITH ITS TANGLES OF PLANTINGS Aci 


THROUGH THE 


the passageway in the wall we come first 
upon the fountain and its big cireular 
pool among a thick growth of shrubs 
and trees through which the sunlight 
ean scarce find an opening. Beyond the 
pool lies the garden proper in which 
Fabre planted and _ nurtured thick 
masses of the native herbs and shrubs 
with graveled walks threading their way 
through them and affording access to all 
parts of the lovely wilderness. He had 
simulated nature as far as possible in 
order to attract the insects he found 
among the native vegetation. Of the 
original fauna he says, ‘‘Never in my 
hunting memories have I seen so large 
a population at a single spot; all trades 
have made it their rallying-point. Here 
come hunters of every kind of game, 
builders in clay, weavers of cotton 
goods, collectors of pieces cut from a leaf 
or the petals of a flower, architects in 
pasteboard, plasterers mixing mortar, 


carpenters boring wood, miners digging 


WINDING PATHS. 


underground galleries, workers hat 
goldbeater’s skin and many mor 
was here in the garden that we fou 
riot of golden broom, wild thyme, 
mary, purple sage, coronilla, 


suckle, acacia, Judas-tree, lilaes, fig-1 


and other wild native plants, mai 
them in bloom on this April day 
flooding the air with their frag 
The birds were busy with their s) 
nesting and were singing in the aba 
of their joy, for the mistral had s 
itself and the soft southern breezes 
blowing across the garden, whil 
mountains, which Fabre loved so 1 
were of a misty blue in the haz) 
tance. This was where he mad 
‘observations under the blue sky tf 
song of the cicada,’’ where he st 
‘‘instinet in its loftier manifestati 
and where he recorded ‘‘the habits 
manner of living, the work, the st 
gles, the propagation of that little v 
with which agriculture and _ philos 
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ost serious|) to reckon’’: and if 

hed to vary his field of observation 
jountain is but a few steps away, 

ts tangle of arbutus, rock-roses and 
scent heather; with its sandy 

s dear to the Bembeces: with its 
slopes exploited by different 

s and bees. And that is why, for 

x these riches, I have abandoned the 

for the village and come to 

ymnan to weed my turnips and water 

ettuces.’’ 

e area enclosed within the walls of 
armas constitutes just about a hee- 
2.47 acres), a comparatively smal] 
laboratory, yet how productive it 

s been in the science of entomology. 
\s I wandered along the paths through 
the garden where Fabre had walked and 
watched and recorded on many days as 
wonderful as this April day and beneath 
the marvelously blue sky of his beloved 
untry I was filled with an overwhelm- 
¢ sense of gratitude to this man for 
he inspiration of his life, his work and 
e stvle with which he clothed his 
Of the latter he has been moved 


thers again have prom me with my 


which has not the 


Irvness of the schoo . Thev fear lest i 


ge that is read withou fatign should not 


wavs be the expressior f the trutl Were I 
ke their word for i ire profound 


On my 
MOIS lle 
order thi 
book as the final act 
spect to * father 
final leave requested 
making a 
back with me t 
rather overeom 
her likeness exhibited 
so far from her home, 
urging she shy IV conse} 
face the camera fot 
result, unfortunately, w 
hoped for, vel the film gay 
more indelible and lasting 
one iS like ly to h: \l 1] 
and delight, when we 


rr ave, she walke d 


the tiny door in 


path outside of 

of the road; and 

of this memorable 

petite, wistful figur 

with her grav hair 

standing by the road 
] attitud 





DAVID RITTENHOUSE—PIONEER AMERICA 
ASTRONOMER 


By Professor W. CARL RUFUS 


AMERICA’S preeminence in astronomy) 
Was not gained at a single bound. Pio- 
the period and 
the republic began the 
the to the 

Foremost them 
Benjamin Franklin, Win 
throp and David Rittenhouse, **the phil- 


neers during colonial 


ea rly day s of 


ladder from lowly earth 


vaulted among 


skies. 
were John 
osophical trio of the Revolution.’ 

The genius of Franklin flashed in 
many fields like the lightning which he 
the Printer, 
scientist, 
the 
dedicated to America a patriotic career 


drew from skies. author, 


philosopher and 
Franklin 


organizer, 
statesman, many-sided 
in which the political scarcely outshone 
the scientific in his day. Original con- 
tributions to nineteen sciences are 
claimed for him, though modern experts 
amateur and a dabbler. 
had little 

‘‘rattle-traps used in astron- 
His Junto, 1727, 
the American 
Society, of which he was the first presi- 
dent. 

John Winthrop, of Harvard, led the 
first scientific expedition of this country 
to Newfoundland in 1761 to observe the 

Heir to 
European 


dub him an 


Bridget, his wife, patience 
with his 
was the 


omy.”’ pre- 


cursor of Philosophical 


transit of Venus over the sun. 
the 
scholarship, his broad culture and scien- 


riches of transplanted 
tific research contributed largely to the 
reputation of Harvard, locally 
abroad. His activities included obser- 
vations of the transits of Venus and Mer- 
cury, solar and lunar eclipses, sunspots, 


and 


meteors, comets, earthquakes, lightning, 
magnetism and aberration. 

David the 
was a self-made astronomer, a true prod- 


Rittenhouse, son of soil, 
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uct of American genius and toil a 
highest embodiment of the pionee: 
during the colonial 
Norriton, Pem 


instruments of his ow 


in science 
On his farm in 
nia, with 
observations 0 
transit of 1769 to det 


the distance of the sun, which eq 


struction, he made 


Venus in 
obtained by }l 


in accuracy those 


sional astronomers, including tl 
tronomer royal, fully equipped wit 
finest instruments of the world 
David Rittenhouse was born on A 
8, 1732, the vear of Washington’s bir 
at Paper Mill Run, near Germant: 
His father 


paper-making, which was established 


Pennsylvania. aband 


this country by his ancestors in 169 
and moved on a farm in Norriton, ab 
twenty miles from Philadelphia. Da 
the oldest son, third child in a famil 
destined 


ten, at an early age was 


farm work. His mechanical ability 
tracted attention by 
duetions, including a 
This talent 


twelve, 


his boy hood 
miniature wat 
encotul 


wheel. received 


ment at when he inherite 


chest of carpenter's tools and mat 
matical books from his maternal wm 
No schooling beyond the three R's 
but he 


books he could procure, showing sp¢ 


available, assimilated all 
fondness for mathematics and astro 
and covering plow-handles, fences, sto 
and barn doors with figures and const 
lations. At seventeen he made a woo 

clock, followed by a metallic timekee} 

His father reluctantly let him quit t \ 


He} 


wt 


plow, and at nineteen he opened a s! 


: transl 
on the farm for elock-making, wher: 
worked 


contal 


and studied assiduously, » 


sclene 
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Bu Trumbull (Loaned through the courtesy 
DAVID RITTENHOUSI 


va , ‘ 
The fundamental laws of mo 


ously impairing his health. He resorted 
to Yellow Springs for his health, but force and ace 
returned with a permanent pain in his” onstrated. Fluxions, a geomet 
of the infinitesimal calculus 


‘leration were el 


Here alone he is said to have mastered vented and used n 
Newton’s ‘‘Principia’’ in the English lems. The law of gravitation, 
translation of Mr. Motte. This elassic — est scientific generalization of tl 
time, if not for all 


astronomic 


contains the greatest contributions to mind at that 


science ever produced by one individual. WAS the crowning reature The vo 
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THE BIRTHPLACE OF DAVID RITTENHOUSE 


genius recognized the superlative value 
of the masterpiece. 

At this time, as frequently happens to 
developing genius, a fortunate incident 
occurred. Thomas Barton, an Episcopal 
clergyman educated at Dublin, came to 
America, taught in the Rittenhouse 
neighborhood, fell in love with David 
and married his sister, Esther. He was 
able to provide books and help direct 
the study of his protégé. Latin and 
Greek were attacked; the ‘‘Prineipia’’ 
was devoured in the original. 

We next find Rittenhouse making a 
telescope. He wrote to Barton, who had 
moved to Philadelphia: 

I am spending my time in the old trifling 
manner, and am so taken with optics, that I 
do not know whether, if the enemy should in 
vade this part of the country, as Archimedes 
was slain while making geometrical figures in 
the sand, so I should die making a telescope. 


It is said that he constructed the 
telescope made in America. 
Through the influence of Barto 
ability and skill were heralded in P 
delphia. Mr. Penn, proprietor of 
provinee, engaged him in 1763 to 
the cirele about Neweastle’’ to sett 
boundary dispute with Lord Baltin 


So accurate was the survey that Mas 


and Dixon, experts from Eng 
trained at the royal observatory, 
corporated his work in their fan 
Dixie line. Later he settled numer 
disputes involving Pennsylvania, D 
ware, Maryland, Virginia, New Y 
New Jersey and Massachusetts. IP 
of his time was spent in making th 
struments used. 

In 1766 he married Eleanor Colst 


a Quakeress, daughter of a neighbo: 


farmer. Continuing the ‘‘old trifl 
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r’’ of spending his time, he ex two events chiefly engaged his attention 
ented on the compressibility of the construction of a celebrated orrer 
invented a metallic thermometer and the observation of the transit 
ted to Breguet in the nineteenth Venus in 1769 
ry, noted the effect of temperature His first orrery, begun in 1767, was 
lock-rate and devised two kinds of complicated mechanism designed to 
compensating pendulums. He wrote a_ lustrate the motions of the heave 
paper on the problem of Archimedes, bodies. The problem of their motion 
concluding that without a lever a weight had oceupied the world’s greatest think 
of 200 pounds applied for 105 years is ers for two thousand years. Plato set it 
sufficient to move the earth one inch for his disciples; Newton completed its 
In 1767 the College of Philadelphia solution by the application of his law ot! 
decorated him Master of Arts for ‘‘ex rravitation. Archimedes made a mod 
traordinary progress and improvement’ to represent these motions; others had 
made by a felicity of natural genius, in’ constructed larger and more intricaté 
mechanics, mathematics, astronomy and machines; but Rittenhouse proposed to 
other liberal arts and sciences, adorned transcend them all He says: 
by singular modesty and irreproachable O18 web Geslen « Meckinn “oti « 


morals.’’ During the next three vears oil 1@ ignorant in ast T a just view of 
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music. The main face was 
square, of polished brass. sil\ 
painted and otherwise ornament 
front moved the miniature 
around the sun with an aeceur 
cient to represent. their posit 
five thousand vears. Two less 
were four feet by two feet thre 





One represented Jupiter and 

lites, their eclipses and transit 
Saturn with its ring and att 
The other illustrated lunar an 
eclipses, including an optical de 
exhibiting their appearance at ai 





on the earth. 

A description of the orrery, co 
cated by Dr. Smith. provost of ti 
lege of Philadelphia, occupies first 
in the first volume of the America: 
osophical Society. Such was its 
in its day. Thomas Jefferson said 


maker, *‘‘He has not indeed n 








world; but he has by imitation 


proached nearer its Maker than an) 
rik UNITED STA’ . > 
' who has lived from the creation 
DAVID RITTENHOUSE. + — 
dav. Princeton secured its possess 
IN HE VI Y ROOM IN . " : a 

to the great chagrin of Dr. Smit! 
SIDED OVER rit MEI 


ve) ‘ ‘ " . . IL. 
Purosornk second was made for Philad 


Negotiations for others followed 
the Solar Svstem: but rath . “ae , . , 
he Solar System; but 1 trip to England for its exhibitior 
ful and eurious examiner, ? 
: considered. but other events intert 
correspondence between the si an : é ‘ : 
tions of our little representatives of the heavy including the transit of Venus, 
enly bodies, and the situations and motio of had delaved its completion 
these bodies, themselves. I would hav 1’ Transits of Venus OccUr IN palrs ¢ 
Orrery really useful, by making it l : ; . : 

years apart at intervals of more tha 
nomena an! irticular point century : 1761 and 1769, 1874 and LSs2 
which, » not find t any Orrery yet made, the next will be 2004 and 2012. W 


ean do, throp’s trip in 1761 was mentioned 


informing us, truly, of the astronomk 


Here was an ambitious task! It re- no costly expedition for colonial ast 


quired the accurate knowledge of the mers in 1769 was necessary; th 


professional astronomer regarding the "omenon came to their very wind 
and Rittenhouse’s ‘* Projection of the T: 


orbits of the planets and satellites 
the technical skill of the trained mecha- sit’’ was laid before the American IP 
nician to design and construct the com- osophical Society. John Ewing 

binations of wheels to guide the brass sented one for Philadelphia. T! 
and ivory balls at their proper speeds, committees were appointed and tl 
inclinations, nodes and _ eecentricities. observing sites were selected, the St 
All was to be driven by a pendulum House Square in Philadelphia, the t 
clock contrived to play a variety of of Rittenhouse, and a station near ‘ 
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open Rittenhouse erect an ob Thomas ?? 
itory, designed not mere 1" tl the accoul 
ose, but for permanent 

in this country 

society lacked funds, and instru 
ts were expensive Politics helped 
juip the State House station 


‘provided with an excellent 


feet radius. made 


Bird, and an equal altitude and 


+ 


sit instrument, both belonging to 
honourable Proprietaries olf Nn JUO,OQ00 
ince, Which the Governor very gen Rittenhouse 
slv lent to the society on this occa phere of Ve 
Telescopes and additional equip- escaped the 
nt for the State Ilouse Square were astronomical 
tained from England The farm did 
fare as well A Gregorian reflector 
th Dolland micrometer was ordered between 
m London to be used by Dr. Smith and Philadel 
With it came lenses for a refracting ell’s comet 
lescope for Harvard. Arriving too of its orbit 
to be forwarded before the great days labor 
ent, they were impressed into service, Method of Ded 
tted togethe by Rittenhouse and used Sun’s Passing 
by Mr. Lukens. We hesitate to imagine’ the favorabl 
reactions of Winthrop, of Harvard kame was 
Rittenhouse was left to his own re patronage 
sources. In preparation he made an was ind 
qual altitude instrument, a transit tele 
scope and an excellent timepiece, upon 
vhich depended the accuracy of the ob 
servations. He spent several months de 
ermining the latitude and longitude of — he 
the observatory rating the ecloeks and orreries and thy 
making preliminary computations. Dr. became irksom: 
Smith reported : soph cal Soe 
tS secretaries 
bly granted hir 
: hundred pounds 
l entrusted them to a gentle on th pot, t] 
had joined t 


extensive an 


urd orrery 


wledge, that t] use, y ent. a vel i prepare 
construction of the cessary apparatus, Birds being ¢ 
e perfectly famil to carry on some 
The success of the observations was nersley on the 
e to Rittenhouse. Maskelyne, the as- the eel. In 1772 
momer royal of England, acknow! Peale, honored by 
edging their receipt from the Honorable degree of master 
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templated visit to Europe and married 
Hannah Jacobs. 

Commissions and offices were thrust 
upon him, some petty, others important. 
Ile served committees to examine speci- 
mens of flint glass, to tend rain-gauges, 
to examine the first steam-engine in this 
country, ‘‘which did not continue its 
motion long.’’ He assumed charge of 
the State House clock, condueted boun- 
dary, canal and river surveys, became 
curator and librarian of the American 
Philosophical Society and delivered its 
annual oration on astronomy. He was 
about to become public astronomer with 
an observatory to be provided by the 
legislature, when suddenly the guns of 
Lexington and Concord were heard 
around the world. 

Then followed the eall to arms. Rit 
tenhouse responded as engineer of the 
committee of safety for Philadelphia. 
To obtain lead for bullets he substituted 
iron for lead eclock-weights throughout 
the city. He was ealled upon to ar- 
range for casting cannon, to superintend 
the manufacture of saltpeter, to select a 
site for a powder-mill, to locate a maga- 
zine for military stores, to experiment 
on rifling cannon and musket balls and 
to devise chain protection for the har- 
bors. He became vice-president of the 
committee of safety and president of the 
new council of safety, military executive 
of the state, which possessed unlimited 
capital power. At the approach of the 
enemy he issued an exhortation : 

We therefore entreat you by the most sacred 
of all bonds, the love of virtue, of liberty, of 
your country, to forget every distinction, and 
unite as one man in this time of extreme dan 


rer. Let us defend ourselves like men deter 


mined to be free. 

As state treasurer he accompanied the 
removal of the capital to Lancaster. 
One week after the evacuation of Phila- 
delphia by the British, Rittenhouse, 
Smith and Lukens returned to their 


telescopes to observe a solar « 
June 24, 1778. A _ pitiful effort 
been made to maintain observatio 
cluding a transit of Mereury, Nov 
2. 1776, and a solar eclipse Jai 
1777. Rittenhouse had also writ 
‘Defense of the Newtonian Syste 
1776 and in Laneaster prepared 
nomical data for Father <Abral 
Pocket Almanac. 

The conflict between the deman 
war and science was acute. The D 
ration of Independence was proce 
in Philadelphia from the platforn 
the transit observatory in State HI 
Square. During the British occup 
General Howe issued an order 
ing the orrery of Rittenhouse 
at Prineeton suffered the loss of 
and balls which adorned the w 
chains of colonial troops. Jeffersor 
monstrated against the transfer of 
service of Rittenhouse from astro 
‘*Nobody,’’ he said, 


coneeive that nature ever intended 


to polities. 


throw away a Newton upon the o 
pation of a crown.’’ A_ well-me: 
poet advised Rittenhouse : 
Meddle not with state affairs, 
Keep acquaintance with the stars 

Like Franklin, Washington, Jeffers 
and others, he responded unreserv: 
to the eall of duty. He served on 
Constitutional Convention of Penns 
vania and the General Assembly. 
was state treasurer, trustee of the 
fund and member of the board of w 
He was professor of astronomy in 
College of Philadelphia, served on 
board of trustees and filled the offic 
vice-provost. He was one of the « 
missioners to organize the United St 
bank and was the first director of 
mint appointed by Washington. 

But astronomy was his first love 
1781, before the smoke of battle 


cleared away, the assembly granted 


250 pounds for an observatory in P! 





ican 
men 
the 

his « 


H 
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jelphia. This he erected before pro- 


viding a residence for himself and fam- 
ilv. It was the only one in America 
recognized by the French astronomer, 


Lalande. To determine the meridian to 
adjust his instruments, when buildings 
nterfered, he invented the collimating 
telescope, a substitute for a distant 
azimuth mark. This invention alone, so 
useful in practical astronomy, would 
assure its discoverer a permanent place 
in the history of astronomy. He 
discovered the use of spider threads in 
the eyepiece of a transit; but this was 
Italian astronomer, 


also 


anticipated by an 
Fontana. 

When the American Philosophical So- 
ciety resumed publication after the war, 
the contributions of Rittenhouse again 
formed an important part. These con- 
tained observations on the sun, moon, 
Mercury and the newly discovered 
planet, Uranus, on including 
one discovered by himself, on a remark- 
able meteor and on the effects of light- 
ning. He anticipated Brewster in ex- 
plaining the apparent conversion of 
cameos into intaglios and vice versa, and 
solved an optical problem proposed by 
Professor Hopkinson. He conducted ex- 
periments on magnetism, the improve- 
ment of timepieces and the expansion 
of wood by heat. He invented a wooden 
hygrometer for measuring atmospheric 
moisture. His mathematical 
cluded a method of finding the sum of 
several powers of the sines, another to 
determine the true place of a planet in 
an elliptical orbit, and a method of rais- 
ing the common logarithm of any num- 
ber immediately. were con- 
ferred upon him by American colleges; 
he was elected president of the Amer- 
ican Philosophical Society and a foreign 
member of the Royal Society of London, 
the highest possible scientific honor of 
his day. 

His lifelong association with Franklin 


comets, 


work in- 


Degrees 


resulted in mutual admiration and re 


spect. He was one of the pallbearers of 


Franklin, whose will contained this item, 
‘*My reflecting telescope, I 
friend, Mr. David 


his observatory 


give to my 
Rittenhouse, for the 
His friend- 
ship with Washington was also intimate 


use of 


A painting of Rittenhouse hangs on the 
walls of Mt. Vernon. He 


Washington’s sur 


made repairs 
and adjustments on 
veying instruments, such as the theodo 
lite. He made and pre 
spectacles to Washington, who donned 


} 
+ ‘ 
sented a 


pair of 
them in public for the first 
his assembled soldiers with 
antry: ‘‘I have 
service, and 
blind.’’ 
Rittenhouse, too, was growing old and 
feeble. The troublesome pain had chis 
elled its way into the delicate, 
features. 


crown 


now find myself 


sensit 
Peale, in his later paintings, 
Trumbull caught 
Ritten 
house mourned that he could not spend 
more time at his But the 
observatory claimed him at last. Th 
an attack of 
unsuccessful 


beneath the 


only half conceals it. 
the superfine spirit underneath. 


telescope 


end came rather suddenly ; 
cholera, the doctor, the 
leech, the will rest 
observatory. 


and 


Wash 


congressmen, 


They came to do him honor 
ington and his cabinet, 
justices, foreign ministers, state officials 
and 
In their 
delivered 
prehensive and just eulogium.’’ 


members of the learned societies. 


presence Dr. Benjamin Rush 
learned, com 
Jeffer 


ce of president 


‘fan eloquent, 


son, succeeding to the offi 
of the American Phildsophical Society, 
paid this fitting tribute: ‘‘Genius, sci 
ence, modesty, purity of 
plicity of manners, marked him as one 


morals, sim 
of nature’s best samples of the perfec- 
tion under the 
form.’’ And to-day we add our token 
in memory of David Rittenhouse, Amer- 


she can cover human 


ica’s peerless pioneer astronomer. 





VISIONS AND DREAMS OF A SCIENTIFIC MAN 


By Dr. PAUL R. HEYL 


BUREAU OF 


Visions and dreams? Who is this 
speaking? A scientific man, you say? 
And pray what business has a scientific 
man with anything so beautiful, so 
fragile? Is not science matter-of-fact, 
gray and prosaic? And are not scien- 
tific men likewise, as every one knows? 
Visions and dreams of a scientific man, 
forsooth! What manner of dreams may 
these be? Fancy in a strait-jacket, for 
melody a monotone; but as for beauty 
—ah, how can that be! 

Visions and dreams—man’s most 
precious possessions! Was it not the 
greatest blessing which the prophet Joel 
could pronounce upon ancient Israel, 
‘*Your young men shall see visions, and 
your old men shall dream dreams’’? 
But and if common opinion be true, then 
are we scientists of all men most mis- 
erable, for without dreams and phan- 
tasms can not a man live. 

But common opinion is wrong in this 
matter. We scientific men have our 
share—ay, more than our share of these 
great gifts; the measure meted out to 
us is heaped up, pressed down and run- 
ning over. And the visions and dreams 
of a scientific man are in no degree in- 
ferior to those of the mystic or the poet 
in grandeur or wonder, while they 
possess in addition a distinctive feature 
—a vitalizing element of reality. 

Reality? What is real? We are not 
quite so sure of the answer to that ques- 
tion as we were thirty years ago, for the 
twentieth century has sadly turned our 
ideas upside down; matter itself has be- 
come a form of energy. The realities of 
to-day were the intangibles of the past 
generation; but intangible and imma- 


1 Publication approved by the director of the 
Bureau of Standards of the U. S. Department 
of Commerce. 
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terial as they may be they are non 
less real. 

Consider the compass needle qui, 
ing on its pivot. Hold a magnet to 
it; see how it turns and points to 
magnet, and how its quivering becon 
more rapid. Bring the magnet neare) 
the needle becomes still more excit 
Does it not suggest a dog with waging 
tail at the sight of food held out to | 
He points always toward the food 
we move it here and there, and the nearer 
we bring the food the more rapidly wag 
the tail. We can explain the phenomena 
exhibited by the dog, at least to « 
own satisfaction, for the dog ean s 
the food; but what of the compass 
needle? Interpose a board between 
and the magnet; the excitement is 1 
one whit the less. What strange co 
nection is there between the needle ar 
the magnet? It is real, real as anything 
we know; witness its results; yet we « 
neither see nor feel it. And as 
study this mystery and ponder over t! 
reality of the intangible and the imn 
terial there wells up in us an emotio! 
akin to that of that ancient mystic w! 
in the face of a great wonder, put | 
shoes off from his feet, for he felt t! 
he stood on holy ground. Truly, th 
things that are seen are temporal, but 
the things that are not seen are eternal 

In the everyday work of a scientifi 
man he is continually brought into co 
tact at first hand with that which 
wonderful and mysterious, and yet rea! 
The simplest and most commonplace 
natural phenomenon, even the falling 
a stone to earth, is wonderful past 
speaking. This truth is for the m 
part obscured by familiarity. 
task, as students and teachers of science 
to brush away this dust of familiarit) 
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VISIONS AND DREAMS 


and uneover the wonder and the mystery 

f that which lies below. And if, again, 
like Moses of old, we feel that we are 
slow of speech, let us call our 
hlood-brothers the poets to speak in our 
stead; for the poets (may their tribe in- 
erease!) know well that science has its 
poetic side, and that scientific men also 
have their visions and dreams. They un- 
derstand ; and how beautifully they have 
expressed it for us! What does Long- 
fellow say in his ‘‘Lines on the Fiftieth 
Birthday of Agassiz’’ 


upon 


And Nature, the old Nurse, took 
The child her knee, 

Saying: ‘‘ Here is a story book 
Thy Father hath written for thee. 


upon 


‘‘Come, wander with me,’’ she said, 
Into regions yet untrod, 
And read what is still unread 


In the manuscripts of God.’’ 


And he wandered away and away 
With Nature, the dear old Nurse, 
Who sang to him, night and day, 
The rhymes of the Universe. 


And if ever the way seemed long, 
Or his heart began to fail, 

She would sing a wonderful 
Or tell a more marvellous tale. 


more song, 


Song and story, vision and dream 
who can resist them? From old times 
these have been the surest way to the 
heart and the understanding of man. 
Nature’s musi¢c is as potent as that of 
the Pied Piper; her tales lose no jot of 
interest because they are true. Truth 
is not only stranger but stronger than 
fiction. Men have died for truth, ay, 
even for that which they had been merely 
told was truth; and he who has once 
learned the language which Nature 
speaks asks for nothing better hence- 
forth than to be her willing slave and 
devoted disciple. 

And wherein lies this potency of 
Nature’s appeal? What is the scientific 
man’s reward for a lifetime of devotion? 
Very much the same as the reward of 
those who of old ate of the fruit of the 


tree of knowledge: their 
opened. 

It is said that a 
to the artist Turner that could 
see in a real sunset the tints that he 
into his paintings. ‘‘Madam,’’ replied 
the artist, ‘‘do you not wish you could?’’ 
The scientific man pities him who 
through the 
To such 


sordid 


remarked 


not 


lady once 
she 


put 


walks 


unseeing and unknowing 
wonderland about him. 
is life truly gray, dusty, 
prosaic, not to the student of Nature 

The but the sele 
man When the 


tangle of whit 


far, ntifie 
farther. 


shifting 


SCCS 


poet 
sees aurora 
spreads its 
green or purple across the northern sky 
your really prosaic person (whose name 


is legion) may be momentarily at 
tracted by its beauty, but scarcely more 
shop 


than by the sheen of silk over a 


counter. The poet is more deeply moved, 


and speaks forth his fancy: 


Upon the sky are blazoned f 
The silent fires of the North 


How rich the far horiz 
What 


noble city lies below 
Methinks those gleams of pearly ligh 
Reflections are from po: 


tals white; 


That from 


Where 


p istures blest. 


living green, 


weary souls for ave may rest. 


’mid other tints out; 


And lo! 
The royal purple of th 


But the scientific man, as he looks at 
this flickering play of color. is ceonselous 
of a rush of visions through his mind, 
crowding upon His 
thoughts go back to the sun, that great 
benefactor of our race, who besides feed 


one another. 


ing and warming us sets forth for our 
entertainment this gorgeous color sym- 
phony. He 
denly in the solar 
whirlwind great enough to engulf the 
earth, and toss it like a ball in a foun- 
tain; some ‘‘steep down gulf of liquid 
fire’’ (in Othello’s phrase) which by 
magic transcending the swiftness of 


sees a storm arising sud- 


atmosphere, some 
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Puck transmits its effect over millions 
of miles to the earth and excites this 
brilliant display for our wonder and ad- 
miration. And he sees more. He sees 
the compass needle forsaking its stead- 
fast allegiance to the north in the vain 
attempt to follow this will-o’-the-wisp 
of the sky. He sees ships off their course 
unknowingly, perhaps dangerously. He 
sees disordered telegraph lines, anxious 
railroad officials, delayed trains and an- 
noyed passengers, and there is borne in 
upon him an overwhelming sense of our 
utter dependence upon the sun, and of 
the bonds, intangible and immaterial, 
yet potent and masterful, by which the 
sun rules and sways his planetary fam- 
ily like some ancient patriarch whose 
word was life or death when he chose to 
speak it. He sees himself and his fel- 
lows as subjects or courtiers of this 
mighty sun-monarch, dependent upon 
his favor and his bounty for their very 
existence, and sensitive to the slightest 
change in his royal mood; and he re- 
flects that, unlike mortal rulers, no flat- 
tery, supplication, gift or prayer can 
move by the slightest this monarch from 
his impersonal indifference, for he 
shineth on the evil and on the good, and 
sendeth rain on the just and on the un- 
just. 

A word, to the scientific man, may 
be sufficient to call up a multitude of 
visions. Speak of time to the average 
person; it may connote to him the idez 
of something to be killed, to be gotten 
through with as pleasantly as possible; 
or to another something so filled with 
duties that he has no opportunity to 
think about it. To the scientific man it 
may suggest a portion of a thread that 
lies in his hand, which he may follow 
far back into the mists of antiquity, and 
see as he goes that most majestic of 
Nature’s visions, the pageant of time. 

Go back with the historian a few 
thousand years, until written records 
fail; then let the anthropologist lead 
you into the dark caves of the Pyrenees, 
and show you those wondrous wall 


Babylon. Then stand with the geolog 
as he examines the fossil record of life 
earth, millions of years before the advent 
of man; and when the geologist mus; 
stop for lack of material, study y 
the astronomer the genesis of our eart 
of our solar system, as far as we can |; 

it by a study of the heavens. 

What a vision have we here! What 
pageant is spread before us as we 
low back along the thread of time! 
its beginning lies the sun, shining as 
now, but in lonely splendor, for ; 
planetary system accompanies him. But 
see that other distant sun approaching 
Will there be a collision? No; they ) 
pass each other, and at a safe distan 
but as they approach see how each sun, 
at the bidding of gravitation, raises 
great tidal wave in the other. But th 
distance is too great to be spanned by 
these friendly efforts; a brief moment of 
closest approach, a supreme struggle t 
reach the other—and the outstretch 
arm of our sun snaps off, and breaks up 
like a water jet into a crowd of particles, 
large and small. 

The visiting sun passes on his endless 
way; the pull of gravitation subsides, 
and our sun resumes his normal shap 
But now he is no longer alone; the crowd 
of particles circles round him, gradually 
condensing into aggregates here a1 
there, until it finally takes the shape of 
our planetary system, still retaining 
traces of its genesis in the asteroids and 
in the rings of Saturn. 

And what of the other sun? Has h 
carried away with him a souvenir of his 
visit in the shape of a planetary system 
of his own? Perhaps; though if he wer 
many times as massive as our sun hi 
might have been able to retain his own 
mass while disrupting that of another. 

A rare vision this, indeed; for so 
widely separated are the stars of heaven 
that such an encounter can not be ex- 
pected to happen oftener than once in 
aneon. A planetary system such as ours 
must be an unusual thing in the uni- 


; 
4 
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VISIONS AND DREAMS 


yerse; perhaps there may be but one 
other like it. 

How profoundly a vision of this na- 
ture may influence our dreams! Who 
has not gazed at the starry heavens and 
speculated on the possibility of each of 
those distant suns possessing a planetary 
retinue? And it would be strange in- 
deed if among those millions of planets 
there would not be at least a few hun- 
dreds in condition to maintain life. But 
how changed is our outlook! How in- 
frequent a thing is a suitable setting for 
life; how rare and precious is that gift 
of life which we enjoy and in what low 
esteem do we often hold it! 

But while we are philosophizing the 
pageant is passing. Look again—at the 
earth now. Its surface has cooled; land 
and water are to be seen there; but what 
a land it is! Barren rock, sand and 
gravel, desolate and forbidding, unre- 
lieved by a single green blade or patch 
of soft brown earth. A desert prospect; 


yet strangely enough there is water in 


plenty—lakes of it, oceans of it! What 
eurse lies on this land that it holds no 
living thing ? 

But look—there in that sheltered nook, 
where the water lies still—see that patch 
of green scum on the surface, and in the 
water a little slimy jelly here and there. 
Trifles? Ay, trifles as yet, but most 
wonderful, for in them lie the promise 
and potency of things incredible, which 
yet shall be; of grass, herb and tree 
which shall clothe the earth in green 
raiment; of fish and flying dragons; of 
mammoth, cave bear and saber-toothed 
tiger; and of man. 

Feeble must have been life’s first be- 
ginnings; many incipient sparks of life 
must have flickered fruitlessly out; but 
chance and a kindlier environment pre- 
served others, and the flame grew, slowly 
at first, but with ever-increasing rapid- 
ity. And with the advent of man upon 
the scene the interest of the pageant for 
human observers becomes intense. This 
latter portion of the great drama of Na- 
ture may lack the grandeur of the first 
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act, where the actors were suns, but what 
it lacks in mighty outline it makes up in 
a wealth of intricate detail. 

Once there was a man favored of the 
gods, for he saw this act of the drama 
saw it in a day dream which he was 
fortunately able to preserve before it 
faded away. 
pened, before some of those who read 
these lines had discovered America,? and 


It is long since this hap- 


allowance must be made for theories now 
discarded, such as that the glacial period 
was caused by a change in the shape of 
the earth’s orbit. But the 


passes—let us look at this dream of a 


pageant 


scientific man. 

The Destroying Angel hovered near 
the earth. It was millions of years since 
he had last passed this way; space is 
large and his duties many. When the 
Destroyer had last seen the earth it had 
been a liquid, white-hot globe, just be- 
ginning to solidify, but now its erust had 
cooled greatly. Land and water divided 
the earth’s surface between them, and on 
the land there little 
things. 

** Ay,’’ said the Destroyer, ‘ 
that I returned. Your time has come, 
I have seen your like be- 


creeping 


were 


It is time 


ve maggots. 
fore, on other balls, and I have done my 
duty.’’ 

Now the Destroyer was cunning and 
resourceful and instead of 
erushing the put 
forth his hand and gently pushed the 
rushing ball slightly out of its circular 
path. Round and round the sun it sped 
in an ever-lengthening ellipse, and with 
each year’s circuit the winters 
longer and colder and the 
shorter. A great sheet of snow and ice 
began to grow about the North Pole, 
gradually covering the surface of the 
earth, and driving the creeping things 
southward before it, so that many of 
them perished from the cold. And the 
Destroyer left the creeping things to 
their fate, and flew onward, laughing. 


eruel. SO 


ereeping things he 


grew 


Summers 


appeared in Lippincott’s 
1898. 


2‘*The Destroyer’’ 
Magazine November, 
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But the push had not been great, and 
by the time the ice sheet had reached half 
way to the equator the elliptical path 
ceased to lengthen, and began gradually 
to reassume a circular form. And so it 
was, after some hundreds of thousands 
of years, when the Destroyer again 
passed that way, he found the earth’s 
path again nearly circular, and the 
creeping things more numerous than be- 
fore. The Destroyer’s brow darkened, 
‘This time shall ye all 
surely die! But as he drew near to 
erush them he stayed his hand, for he 
saw strange sights, the like of which his 
never seen before. Tiny 


and he said: 


? 


eyes had 
sparks glowed here and there; some of 
the creatures traversed the waters on 
floating things. On land, caravans were 
passing from spot to spot where the crea- 
tures were most thickly gathered. The 
Destroyer drew nearer and examined 
with interest. Here several of the crea- 
tures were gathered around one of the 


sparks beating something vigorously— 
clink! clink! Others were making long 
straight seratches in the soil with a 


erooked thing. But most wonderful of 
all, some were making black marks on 
sheets of white material, and others were 
gazing intently at similarly marked 
pieces. 

The Destroyer withdrew his hand, 
saying: ‘‘Let be; let us see what will 
come of this wonder. Yet they shall 
know that I am the master, and that I 
can destroy them at what time I will.’’ 
So saying, he stooped and breathed 
gently on a cluster of the creeping 
things. And so it was that when the 
creeping things felt the breath of the 
Destroyer they uttered piping little cries 
and drew shining things from their sides, 
and rushing forth to a neighboring spot 
slew many of the creatures there. Then 
came others to the rescue of those that 
were attacked, and still others to the 
support of those attacking until the 
fourth part of the world was at war. 
And again the Destroyer laughed as he 
flew away. 


But a few thousand years after 
the Destroyer again returned, and fo 
the creeping things more numerous t 
before. Again he stooped and breath 
upon a spot where the creatures 
most thickly gathered; but now on), 
few drew their shining things, w) 
from all the rest went up a hissing 
sound: ‘‘Sh—sh—sh—’’ until thos 
who had drawn their shining things 
them up again. And the Destroyer y 
dered greatly at the failure of 
magic, but, being full of resource. 
strewed seeds of pestilence among 
creatures, so that many of them si 
ened and died. And there went u 
wailing noise, and those that were 
gathered together the bodies of the d 
and dug great holes wherein they buri: 
them by the hundreds. And again 
Destroyer laughed as he sped onward 

But a hundred years after that t! 
Destroyer returned and found the crea 
tures more numerous than ever. Th« 
swarmed together in great 
where they did many marvelous things 
Here one floated in the air, hanging to 
little inflated bag, until the bag burst 
and he fell to the ground and perish 
At another place there was a great tuly 
pointed upward, with a little creatur 
looking through it. Again the De- 
stroyer strewed seeds of pestilence among 
them, and waited with a cruel smi 
but this time the seeds took no eff 
Then was the Destroyer angered, and |! 
said: ‘‘What, ye puny ones! Are 
mightier than I?’’ And stooping lov 
he blew a great wind upon the earth, s 
that many of the creeping things we! 
swept to destruction. And when he ros 
he was red and panting, for it had take 
much of his strength; so he flew away, 
but this time he laughed not. 

In this vision there is clearly to 
recognized a quality which we find ofte: 
present in the visions of scientific men 
a vein of tragedy. The beautiful aurora 
ean not occur without bringing with it 
a measure of inconvenience and danger; 
and even the magnificent spectacle of 


clusters 


} ¢ 
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abou 
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starry heavens is not without its 


ragic element. 

Of the vast collection of astronomical 
photographs at the Harvard Observatory 
nly a fraction has as yet been examined ; 

it the examination has gone far enough 

bring out some rather startling facts 
neerning those bodies known as new 
stars or novas which appear every now 
nd then. All of us have heard or read 

f them; some of us may have seen that 
rilliant one which appeared in Perseus 

er twenty-five years ago or that other 

lich was visible about seventeen years 
ter. A star previously unnoticed, of 
escopic magnitude blazes up 
ithin a few hours to a brilliance per- 


only, 


ps exceeding Sirius or equal to Venus 
her Then it 
slowly the last 


brightness. 
Within 


greatest 


fades away. 


thirty years one or two occurrences of 


this kind have happened with attendant 
an idea of 
The star, 


phenomena which give us 
hat may have taken place. 
moving rapidly through space, as all 
stars do, including our sun, may have en- 
ountered something; perhaps one of 
those patches of dark nebulous matter 
with which is strewn here and 
there, as dangerous as icebergs on steam- 
ship lines of travel. 

Many of these dark patches can be 
recognized by their edges, sharply de- 
fined against the starry background sur- 
rounding them. If a star happens to 
plow its way through such a patch of 
material there will be temporarily a 
great increase in its surface temperature 
ind a consequent the 
star’s internal economy, resulting possi- 
bly in an explosion. We are not clear 
as to just what happens, but from what- 
ever cause the records of the Harvard 
Observatory show that it happens a good 
deal oftener than we have ever thought 
or like to think about. While it is not a 
matter of daily occurrence it does happen 
about once in every three weeks; fifteen 
times a year there is a nova of at least 


space 


disturbance of 


AND DREAMS 


o19 


telescopic magnitude; fifteen hundred 
such occurrences in a ce 

We do 
than the period of recorded 


tory to reach a numb 


ntury 


not need to go farther back 
human his- 
such 
trophes as great as 

The cor 


1] 


by Professor Russe I 


visible stars. 


this fate more than on 
Now 


least a million centuries, ; 


age every star in the | 
life has been on 


there must have been a 
ber of such calamities; : has 
Did he suffer 


life appeared on the eart 


escaped. fore 


yet to come , 
We do not know. 
sight to excite alarm 


There is no 
seems 1 


Our sun 


be moving through an unusually dust- 
it permissible 


that the 


free region of space. Is 


for a scientific man to dream 
way has been swept for him! 

The not 
on what have happened if only 
one of the many stars which have 
fered this fate had a planetary retinue in 
attendance. What if there had been life 
on one of those planets? 

It might have been. It may be 
pening somewhere at this 
the light-borne news may 
for a hundred years. Nature is icily in- 
different to such a circumstance. It is 
of no moment whatever to her that there 


mind ean avoid speculating 
might 


suf 


moment, 
not reach 


may be a planet attached to that sun 
There 


might even have been on such a planet 


which suffers his baptism of fire. 
sentient beings who lived and loved and 
liked life well. as we do Perh ips som 
of them even ‘‘heard the 
fill transept, loft and nave,’’ and chanted 
exultingly: ‘‘in Thee have I 
let me never be confounded !’’ 

Nature’s visions are not 
pastures and still waters. 5S 


glorious organ 
trusted ; 


all of rreen 
} 


not 


ad PS 
always appear as the kindly old nurse 
with the story book. At times her aspect 


is that of a Gorgon, upon whom no man 
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can look and preserve his soul alive. He 
who aspires to be numbered among her 
disciples must be no weakling. He must 
feel the overmastering passion for truth, 
be the consequences to his philosophy 
what they may; truth above all things, 
even though (as Huxley says) ‘‘it sears 
the eyeballs.’”’ He must face the facts 
unflinchingly, and find the sanest, health- 
lest way of regarding them; and he must 
always remember that by his mental at- 
titude, by his reaction to these visions, 
by the color which they impart to his 
philosophy, the great mass of unscientific 
people will judge of science itself, and 
approve or condemn it. ‘‘Noblesse 
oblige.’’ We must set a good example. 
This element of tragedy is but seldom 
found in the dreams of the mystic, who 
usually ignores or is ignorant of this 
aspect of Nature, and looks preferably 
on her more pleasant and subtly intoxi- 
cating side. It is perhaps more often 
found in the visions of the poet, though 
generally speaking the philosophy of the 
poet is, ‘‘It is so beautiful that it must 
be true.’’ But the devoted student of 
Nature says: ‘‘It is so true that we must 
e’en forgive if it be not beautiful.’’ 
Such are the visions and dreams of a 
scientific man; beautiful at times beyond 
compare, wonderful and mysterious al- 
ways, and often tinged with tragedy. 
This is what Nature has to offer her dis- 
ciples, bitter and sweet together, as is 
life itself; and just as we find life worth 
living (else we would not be here to say 
it) so the student of Nature follows 
where she leads him, through fair and 
foul, up hill and down, by green pastures 
and through the valley of the shadow. 
Who knows most, fears least; and of the 
student of Nature, above all men else, 
it may most truly be said that he has 
eaten of the fruit of the tree of knowl- 


edge; that his eyes are opened; and ¢ 
he is become as the gods, knowing 
good and the evil. 


Apart from:the heaving, restless world 
There lies the Land of Souls. 

It hears no sound from the world aro 
As afar its tumult rolls. 


The wall of the land has portals twain, 
All beautiful to see. 

The gate of life is of pearly grain 
And Death is of ebony. 


Sometimes the ebon gates swing wide, 
And then a soul comes in, 

All sore from strife in a long, long lif 
And bruised and stained with sin. 


Then virgin souls look pitying on, 

And wonder what life may be, 

And whether ’tis worth the pains of eart} 
To taste its mystery. 


And once the gates of pearl fell back, 
And a solemn voice was heard: 

‘*Wilt thou have life, and test its strif 
But not a virgin stirred. 


Beyond the gate was darkness all; 
Nothing might one descry. 

Each shook the head in awful dread, 
For each one feared to try. 


Then forth there stepped a deep scarred s 
Weary and sore and lame. 

Not long before had it entered the door 
Of Death, with the ebon frame. 


About it still was the smell of life, 

And still its breath came fast; 

Yet through the gates where the dark: 
waits 

It willingly, eagerly passed. 


‘*Wilt thou have life?’’ Ay, give me lif 
Bitter and sweet, O Lord! 

Let me but sup another cup 

Of thy precious gift outpoured! 


Let virgin souls, afraid to pass, 
Tremble before the door. 

Lo, I have lived and drained my glass, 
And fain would drink once more! 





OPPORTUNITIES FOR RESEARCH IN MAM- 
MALIAN GENETICS’ 


By President C. C. LITTLE 


UNIVERSITY 


I 

For centuries man has been actively 
interested in observing, recording and 
interpreting the phenomena of heredity. 
Occasionally among the great mass of 
workers there have been individuals 
whose achievements have stood out in 
bold outlines differentiating them from 
their contemporaries, from those who 
had gone before, and from those who 
were to come. It will be necessary only 
to mention a few of the distin- 
cuished of these to show the almost un- 
believable development of our knowledge 
of genetics. 

At the end of the nineteenth century 
scientists had accepted Darwin’s demon- 
stration of over-production, the existence 
of variation, natural selection, the elimi- 
nation of the relatively unfit and the 
consequent survival of those better fitted 
to meet required conditions. At the 
same time many zoologists had begun to 
think in terms of soma and of germ- 
plasm, and had at least gone part way 
along the road of Weismann’s theory of 
descent. Bateson’s ‘‘ Materials for the 
Study of Variation’’ had provided an 
excellent list of variations and Pear- 
son’s school of biometricians, to some 
extent encouraged by Galton’s quanti- 
tative theory of inheritance, were busy 
investigating many problems of genetics 
in humans and in lower forms. 

Then in 1900 came the rediscovery 
of mendelism. At the same period De 
Vries’ theory of mutation provided a 
method for the origin of discontinuous 
variations. Within five years the re- 
ports of the Evolution Committee, and 


most 


1 The sixth annual Sigma Xi address, Nash- 
ville, Tennessee, December 27, 1927. 
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the work of Davenport, Castle and 
Cuénot showed that mendelism applied 
to to many other 
types. vatterns 
rats and 
length and form the latte 
among the first to be 
Within another five years, that is to say 
by 1910, of 


material among animals were being used 


mammals as well 


Various color 


as 


T 


} mice, 


hi 


were 


guinea-pigs as well as hair 


in r 
records d 


Cases 


many new types genetic 
and the star of Drosophila melanogaster 
had appeared above the horizon. 

Three years later the first of Morgan’s 
books on genetics had been published 
‘Heredity and Sex’’ outlined and de 
scribed the occurrence of sex-linkage and 
the of the x 
chromosome earlier hinted 
at by McClung and by Castle. Definite 
proof of the correlation between struc- 
tures in the germ cell and the behavior 
id 


new 


genetic significance St 


along lines 


in inheritance of certain characters h: 
been provided and the hunt for 
small 


The 


economy Ol 


facts on. size, rapid 


breeding 


was 
and Drosophila 
were supplemented by the establishment 
of its cytological picture, which in com- 
parison with all other animals then being 
studied was relatively simple and suit 
able for analysis. 
These facts bore 
Morgan and his 
‘“‘The Mechanism of Mendelian 
ity.’’ It included 
linear order of genes within the chromo- 


¢ 
A 


1915 
published 
Hered- 
the 


fruit, and in 


associates 

maps showing 
some and opened up a whole new vista 0 
definiteness in our ideas of the structure 


of the germplasm. The gene moved 


rapidly into the good social standing and 
warmed the hearts of biologists who had 
long been no more than politely aware of 
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the terms ‘‘pangens,’’ ‘‘ids,’’ ‘‘idants’’ 
and ‘‘biogens.’”’ 

With the publication of the ‘‘ Physical 
Basis of Heredity’’ four years later, 
Drosophila showed itself to be a bonanza. 
Under the superlatively skillful hands 
and minds of Morgan and his group it 
had given to biologists four general prin- 
ciples to add to the two fundamental dis- 
coveries of Mendel. 

Morgan lists the six principles as 
follows: 

Segregation 
Independent assortment 
Linkage 
Linear order of the genes 
Interference 

(6) Limitation of linkage groups 


Of these numbers one and two repre- 
sent the discoveries of Mendel and the 
other four those of Morgan and his 
associates. 

The physical basis of heredity had 
thus been placed on a basis of definite- 
ness never before dreamed of; the ac- 
curacy of results based on experiments 
carefully planned and predicted in ad- 
vance had proven amazing. A really 
great victory had been won and an 


epoch-making advance had been re- 


corded. 

And then a question formerly as cold 
and cynical as the attitude of a present- 
day fundamentalist became warm and 
took on a tone of far greater intensity 
of interest. Medical men, lawyers, soci- 
ologists, the clergy and educators began 
to ask ‘‘Of what value are these facts 
to man?’’ 


II 


Before that question can be answered 
let us see why man’s attitude towards 
biology in general and his own in par- 
ticular has changed and had led him 
to ask the question as he has. There is 
no doubt that medicine, law, sociology, 
theology and education have all of them 
become much more interested in and 
considerate of the findings and possibil- 


ities of research in human biology 
they were one or five or ten years 
Their changed attitude has undoubt: 
been one of the chief causes of the s} 
in public interest. 

Without taking too much time it yp 
be possible briefly to review some of 
factors which have contributed to th 
creased attention now being paid to | 
man biology. 

The medical profession taking 
vantage of greatly improved methods 
hygiene and sanitation has developed t 
preventive phase of its activities ver 
extensively during the past few ye 
Schools and programs of public h 
have grown rapidly both in number ar 
in extent. Mass programs dealing wit 
prophylaxis of various types were 
common procedure during the late 
They, along with the peace-time 
grams of public health, have helped 
create in the mind of the medical pr 
fession a sympathetic attitude towards 
the subordination of the selfish rights o! 
the individual to the larger needs of t! 
group as a whole. 

To strengthen this movement add 
tional impetus came from other direc 
tions as well. Among the most interest 
ing of the tendencies which has rapid) 
been developing to a point of gener 
influence is the emphasis placed upo! 
psychoanalysis and upon the interrela 
tion between glands of internal secretio1 
and various psychoses. The public fancy 
has been caught and held by the spectac- 
ular advances of knowledge in this field 
As a result the medical profession mor 
than ever before has shown a willingness 
to turn its consideration to the genera! 
natural biological processes which pro- 
vide defense against disease and whic! 
cause variation in the activity of the 
glands of internal secretion. These 
facts, coupled with the realization that 
psychological abnormalities in man) 
eases trace back to physiological bases 
which are themselves a definite part 


human biology, have helped to increase 
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In a somewhat similar way sociologists, 
recovering from their first skepticism of 
any ‘“‘law of inheritance,’’ have noticed 
the temporary nature of changes in- 
juced solely by alteration of environ- 
ment and the persistence of the varia- 
tions produced by genetic change. The 
researches of Goddard on feeble-minded- 
ness have been among the powerful 
wents in carrying conviction to the 
loubter. So also have been the numer- 
is studies reported by Newman, Muller 
nd others on identical 
ip in very different environments. 

Whenever the sociologist, wearied by 
the pressure of facts of genetics upon his 
nvironmentally inclined mind, has at- 
tempted recourse to the mossy bank of 
neo-lamarckism or to the bubbling Wat- 
snian spring of has 
been prevented from enjoying uninter- 


twins brought 


behaviorism he 


rupted rest by a nasty and almost con- 
tinuous This the in- 
sistent voice of those all over our coun- 


noise. noise is 


try who notice the rapidly rising cost in 
the eare of mental and social defectives. 
It introduces a particularly blatant note 
n what might otherwise have become 


merely a mild academic and scientific 
discord characterized by dyspepsia in- 
‘ellectualis. The raucousness of the new 
voice is caused by the fact that it origi- 
nates from the average non-scientific 
taxpayer from whose purse the hands of 
the legislature biennially, with as little 
pain as possible, removes the funds to 
support those institutions such as state 
prisons, homes for the feeble-minded, 
the insane, the pampers, the 
the blind, the deaf and the unattached 
old people. It is a voice which like the 
sword of Alexander cleaves the Gordian 
knot of scientific argumentation with a 
far from gentle insistence on the point 
that the supply of defectives of various 
sorts should be controlled and dimin- 
ished by preventing their reproduction. 

Following closely on the heels of this 


diseased, 
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the 
the 


through 
that 
ion of crippled, dis- 


other- 


agitation and 
thus 


pouring 


breach made, believing 
limitation of product 
eased, feeble-mind d, « plleptie or 
wise obviously defective children is both 
tes of 


humane and economical the advoea 


the spread of contr: ceptive information 


for health reasons have aroused a great 
and growing interest in the betterment 
of the race and the prote 


hood by the scientific methods of human 


‘tion of child- 


biological research 

This, in turn, 
fact that certain social or 
groups believe in the production of the 


out the 


has bre ught 
religious 
greatest possible number of children of 
all kinds, 
sentenced to a 
fering or not. 
A healthy deterrent for this point of 
view is to be found in the community 


whether handicapped and 


and sut 


life of 1dioey 


fund method of supporting charities 
Because of the impersonal and fair at 
titude of those obtaining and spending 
the publie funds for charitable purposes 
under the community idea the groups or 
organizations engaged in encouraging 
the production of unwanted 
fortunate children will eventually be re¢ 


As soon as this is 


and un 


ognized and isolated. 
done the next obvious and 
step will be to insist that those so en- 
the full 
dividuals produced under the 
who later become public charges of any 
Not long after that action is taken 
In view 


unavoidable 


gaged pay expenses of the in 


ir guidance 


sort. 
economic need will do the rest. 
of all these facts and a seore of others the 
consideration of which time does not al- 
low, it is not hard to understand the in- 
terested attitude of sociologists. 

The legal profession also has been able 
to utilize advances in genetic knowledge. 
Mendel’s Law helped in the de- 
termination of parenthood and by its 
definite findings in the case of the in- 
heritance of certain types of feeble-mind- 


has 


edness has greatly aided the advances 
made in legislation governing steriliza- 


tion. 
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The records and family history of 
criminals also show in many cases such 
obvious biological foundation for ab- 
normal behavior that supporting evi- 
dence for sterilization, under certain 
conditions, has readily been obtained. 
The law as a profession is notably con- 
servative, yet it has among its members 
a steadily increasing group of outstand- 
ing individuals who are interested in 
obtaining more information on the 
methods of genetics to serve as the basis 
for constructive legislation. 

The clergy has also become intensely 
aware of human biology. 

Change in social attitudes may mean 
reform and reform in turn may mean 
discomfort to the existing stability of a 
ruling group. It is not surprising, 
therefore, to find one group of funda- 
mentalist and conservative members of 
the clergy holding up as examples of 
filth and vileness those who are inter- 
ested in the study of mankind from a 
biological point of view. On the other 
hand, the progressive members of the 
clergy are among the most ardent and 
alert followers of experimental science. 
Once these men realize that the ac- 
ceptance of new truths does not mean 
loss of caste, they frequently become 
sufficiently radical to cause some em- 
barrassment even to the most advanced 
of the experimental scientists themselves. 

It is a healthy thing, however, to find 
such an active interest among the clergy 
and to see that many of them realize 
that the fate of international coopera- 
tion and of the world peace that would 
ensue depends very largely upon the 
characteristics of races and nations. 
These characteristics are many of them 
hereditary and so are biological in the 
most definite sense. Acceptance of this 
fact has done much to increase reliance 
in genetic differences and in the re- 
search which deals with them. 

Educators also are peculiarly aware 
of the need for more accurate knowledge 
of the biological nature of the individ- 
ual. 


The great increase in our population 
has brought with it, quite naturally. 
increase in the number of schoo! ¢| 
dren. The congestion resulting from this 
fact has spread from the lower grades 
of elementary school through al 
higher levels to include even graduat, 
or professional work. Selection in 
creasingly intelligent and strict fi 
has been necessary because higher 
sation is expensive and could not be 
tributed broadcast to any and every on 
who merely indicated their wish to r 
ceive it. 

This has set educators to work in ar 
attempt to develop a wiser and m 
honest method of rating mental ability 
than had formerly been in use. Suc! 
action was necessary if wise selectior 
was to be practiced. Various mental 
tests have shown that mental ability is 
to a considerable degree definite, mea- 
surable and analyzable. They have als 
shown beyond any doubt that differences 
both in type of mental ability and in 
extent of general mental development 
are present in very young children. As 
a result, preschool units have been 
greatly developed. Child-study ev 
with infants has become increasing) 
emphasized and will undoubtedly gr 
to even far more extensive proportions 
No more impressive demonstration 
the genetic and biological basis for 
dividual differences in man could be o! 
tained than are facts derived from such 
study. 

The possibility that we may some d 
be able to predict achievement in 
early years and so prevent waste of 
promising human material has come 1 
the front with greater vigor and mor 
hope than ever. As a result the mind 
of the educator is open to-day as never 
before to a sympathetic consideration 
of and interest in genetic research. 

By very different but by converging 
roads the alert progressive phases of 
medicine, sociology, law, theology and 
education have thus met to combine in 
asking the laboratory geneticist the ques- 
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tion already referred to, namely, ‘‘Of 
what value to humanity are all your 
findings ?”’ 

Ill 

It is very evident even from the very 
imperfect statement of the situation just 
made that there is a wide and somewhat 
awesome gap between the details of the 
structure of the germ cell in Drosophila 
and the wise direction of a program of 
improvement in human biology. 

Jennings in his recent address as re- 
tiring president of the American Society 
of Zoologists expressed most intelli- 
gently, and to me most convincingly, 
the dangers and difficulties uf applying 
in detail the conclusions drawn from 
results obtained in the study of the 
genetics of one form to the untried per- 
formanees of another unrelated type of 
organism. 

I shall not attempt here a comparison 
between the obviously widely divergent 
fields of plant and animal genetics but 
merely indicate a few of the differences 
which appear to me to be critical and un- 
surmountable barriers in the road of in- 
terpreting the detailed genetic problems 
of man on the basis of work, no matter 
how skilful, done with Drosophila or 
other insects. 

The object in doing this is in no way 
a desire to discredit the splendid work 
done in the field of insect genetics. It 
is merely an attempt to show that the 
gap between the laboratory phase of ex- 
perimental genetics and the interest in 
human biology will not be bridged by 
research in forms as widely separated 
from man as are the insects. 

The insect is remarkably definite and 
fixed in a biological sense. From the 
very egg—itself more or less definitely 
organized into zones or regions—it 
shows a tendency to specialize its struc- 
tures for detailed and well-defined ob- 
jectives. The segmental arrangement 
of antennae, body and legs is further 
evidence of detailed morphological dif- 
ferentiation. The compound eye is a 


sort of declaration of 
policy which is characteristic of insects 


morphological 


The normal physiological responses of 
insects are also detailed and def- 
inite. The freedom of secondary sex 
characters from the 


very 
influence ot secre 
tions of the gonad is a typical example 
of the independence of organs and 

The nhe 
The phe 


metamorphosis 


sues which exists in insects 
nomenon of a complet 
is also an indication of the discontinuity 
and highly evolved organization of the 
developmental process in insects 

The vast number of 


sponses in insects shows that their psy- 


instinctive re- 


chology shares to a high degree the par- 
ticulate and mosaic type of constitution 
that applies to their 
morphology as well. 

It seems quite natural then to find 
that in most of those insects already 
studied the germ cells are highly defi 
nite and regularly One 
would expect nothing else if the germ 
cell is to be considered a characteristic 
part of the individual and a reasonable 
precursor to the organism arising from 
it. 

Man lacks much of this definiteness 
seginning with an egg that appears to 
be more completely interdependent in 
its various parts than is that of insects 
he develops during his embryonic life 
in a carefully controlled environment. 
Constant internal temperature, moisture 
and food conditions allow the free de- 
velopment of a balanced and elastic type 
of organism. 

Interchangeability of body fluids, de- 
pendence of form, rate and extent of 
growth and maturity upon internal 
secretions—and relative elasticity and 


physiology and 


organized. 


indefiniteness of mental processes all are 
directly in contradistinction to the con- 
ditions found in insects. 

It would not be at all surprising if in 
mammals the internal organization of 
the germ cell itself, including the inter- 
relationships between and 
chromosomes and between chromosomes 


cytoplasm 
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themselves, was much less definite and 
predictable than is that of insects. In 
fact a recent paper by Miss Swezy in 
Science showing that the ordinary white 
rat may have either forty-two or sixty- 
two chromosomes without marked mor- 
phological change seems to prove that in 
one case at least such is the case. 

It is true that there are chromosomes 
in insects and in mammals and that there 
is likewise evidence for mendelian in- 
heritance in both forms. To draw close 
homology, or even analogy, however, be- 
tween the detailed geneties of man and 
of insects would be exceeding our pres- 
ent knowledge. There is a real gap be- 
tween the two forms. 

There is, however, already in position 
the foundation of the main support of 
the bridge over the gap referred to. It 
has not yet been built high enough for a 
level and comfortable transition, but it 
has definite possibilities and as I see it 
must be constructed before we can ex- 
pect much real progress in human biol- 
ogy. The structure to which I refer is 
the steadily growing mass of information 
being obtained in the field of research in 
the genetics of the laboratory mammals. 


IV 

To collect data which will help to 
bridge the gap we must observe certain 
general rules of experimental procedure. 
First, the problems to be investigated 
must be of interest to man. One can not 
expect by mammalian genetics to ex- 
tend the influence of or deepen interest 
in human biology unless the problems in- 
vestigated have some connection with 
those of the larger human field. Fortu- 
nately, the great majority of problems 
which are capable of study in the labora- 
tory mammals are of just that sort—as 
I shall try presently to show. 

It is also necessary that the problems 
connect with known genetic phenomena ; 
that they trace back to some sort of re- 
lationship with research in genetics of 
lower animals or plants. Unless this is 


the case the benefits of the gener 
ciples and fundamental values o{ 
relation between biology and its ; 
exact sister sciences, physics and 
istry, are apt to be lost sight of 
bridge, in other words, if it is to 
tion properly, must have well-dev 
approaches from both sides. 

Besides being of interest and val 
humans and being based on sow 
netic theory the problems must be e 
able of investigation in economic 
suitable material. The last requiren 
is, of course, purely practical, but 
the purposes of successful experiment 
procedure it is essential. Among n 
malian material the types which ar 
ored for experimental work are at pr 
ent practically entirely confined to t 
earnivors and four types of rodents 

Cats offer interesting color differe: 
certain structural variation suc! 
short tail and polydactylism, variat 
in length of hair and the best cas 
sex linkage known in laboratory n 
mals. For breeding purposes in 
numbers, however, they are a bit 
non-social and are subject to epidemics 

Dogs have a great wealth of color 
varieties and of morphological, physio 
logical and psychological differences. In 
these respects and in their small number 
of chromosomes they are unique among 
laboratory mammals. They are sl 
breeding and expensive to raise, but the 
will undoubtedly eventually be used o1 
a large scale. 

Among rodents, rabbits are the largest 
and slowest breeding of those used 
They have a few genetic morphological 
variations but a good list of color dif 
ferences and between some _ varieties 
marked difference in size. They hav 
also a good reputation as material for 
experimental medicine and are valuab! 
for serological experiments. 

Guinea-pigs (in spite of excellent pr‘ 
agent work by Ellis Parker Butler) ar 
not very rapid breeders. Their mor 
phological variations are almost as 
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scarce as rabbits and their average num- 
ber of young per litter (between two 
ind three ) Their number 

f color varieties and their chromosome 
onditions are not radically different 
from those of rabbits. 

Two types of rats provide distinctly 
etter material than either of the fore- 
song. With a fair number of 
varieties they combine a high degree of 
fertility and relatively rapid rate of 
Their size makes them eco- 
and for 
Mice 


rOMmUSCUS 


is very small 


eolor 


maturity. 

nomical of 
most forms of operative technique. 
f two genera (Mus and P. 
appear, however, to be even better ma- 
terial than is any one of the other types. 
Only slightly inferior to rats in respect 
to litter size they have many more color 
varieties, more morphological types, far 
greater size differences and a number of 
listinetive characters. 
Three available species of the genus Mus 
afford an excellent chance for the study 
of hybridization and its accompanying 
phenomena. The mechanical advantages 
if mice are also great. They are only 
about one fifth as large as rats and there- 


space convenient 


physiological 


fore are much more economical of food 
and space. They mature much more 
rapidly and provide embryos of con- 
venient size for histological study and 
sectioning in toto. In my opinion they 
offer the best material for experimental 
genetic work with mammals. 

With this brief review of the qualities 
of different types of available material 
let us eonsider the fields of research, 
particularly of interest to mammal ge- 
neticists. 

V 

There are at least five great groups 
of genetic problems which are capable 
of suecessful investigation in laboratory 
mammals and which fulfil all conditions 
outlined above, being of interest to man 
and in close contact with other fields of 
experimental genetics. These problems 
include the genetic bases for size and 


and ‘llitv, susce} 


lethal 


pment 


growth, fertility 
bility or resistance to disease 
tion of genes during devel 
psychological ( 

Although tl 
interrelation between thx 
will each be able to provide 
for fundamental and e 


Let 


us revit 


search. 
briefly. 
(a) SIZE ANI 
Investigations by Sol ported soon 
the 
that 
was inherited as a recessive 
related to sex. 
rabbits was 


after rediscovery mendelism 


showed dwarfism 

*. In some wa 
Castle showed that ear 
length in inherited but by 
no simple method; MacDowell carried 
the problem farther in a detailed study 
of body weight and skeletal measure 
ments in rabbits, Wright 


both contributed to the discussion of th 


and Castle 
nature of the genetie factors involved 
Detlefsen, in recording a cross producing 
hybrids between the common guinea-pig 
and a related 
relation of the growth rates of the thre« 
types. The 
for the study of size inheritance in mam 


wild species, showed the 


two greatest opportunities 


mals are however as yet practically or 
entirely undeveloped. Dogs, in whiel 
insemination is possible and 


artificial 
where body weight is fifty times or mors 
as great in such a variety as St. Bernards 
as it is in chihuahuas, are splendidl) 
fitted for use in investigations of size 
heritance. 

A cross between Mus and 


7 
MUSCULUS 


Mus waqgne rv would also provide excel 


material. The size difference is 
It would be easy 


parent 


lent 
striking. 
the hybrids with either 


to back-eross 
and to 
save the skulls and long bones of thou 
animals in each generation 
There are enough color genes already 
described in Mus run a 
good chance of existing 
linkage between 
those for size. 


sands of 


mI MS ulus to 


finding any 


for color and 


genes 
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In addition to factors involving gen- 
eral size and growth there have been 
several cases of localized growth phe- 
nomena which have been investigated. 
The inheritance of short tail in mice, 
dogs and cats has been shown in each 
case to be a mendelian dominant over 
normal tail length. Polydactylism in 
guinea-pigs and cats is dominant, while 
when associated with other digital ab- 
normalities in mice it is recessive and in- 
fluenced by modifying genes; an ab- 
normal jaw and buccal cavity in mice 
is also recessive and lethal. Uncon- 
trolled or abnormal growth of certain 
teeth in rats seems to occur in families, 
although its method of inheritance is 
not as yet clear. 

The great morphological variations 
in dogs have provided and will continue 
to offer a splendid field for study. The 
shortened and crooked legs of the 
dachshund and the curled tail of the 
chow have proven to be mendelian 
dominants. Recently, recognizing the 
great value of dogs as genetic material, 
Stockard has started a series of experi- 
ments to determine the relation of mor- 
phology to glands of internal secretion. 
The results will be awaited with great 
interest. 

The work of Davenport on the in- 
heritance of stature and that of other 
investigators on different forms of 
dwarfism in man show that such com- 
parative studies would be valuable. The 
genetic importance of different local 
variations in morphology are also well 
known in man. Polydactylism and 
brachydactylism are inherited, and the 
latter may possibly be lethal if present 
in a homozygous condition according to 
the work of Mohr—there is ample evi- 
dence that the study of these problems 
in laboratory mammals would have a 
direct interest for human biology. 


(b) Frertmiry AND STERILITY 
Differential fecundity and fertility in 
man lie at the foundation of the relative 


rate of increase of different nationa 
and social groups. Laboratory mam: 
are well adapted for study in this ¢ 
eral field. 

The opportunity to make sg; 
crosses is excellent. Detlefsen fi 
most interesting case of partial ste: 
related to sex in hybrids of ( 
rufescens and C. porcellus. Severa 
vestigators have found diminished { 
ity among F* and subsequent by 
generations in a cross between Japan 
waltzing mice (supposed to be d 
from M. wagneri) and common mic 
musculus). Crosses between M 
culus and M. wagneri and M. mus 
and M. faeroensis have recently 
made and will be available for furt 
study. 

A more accurate measure than ever 
fore of fertility of female mice is 
vided by the technique developed 
MacDowell which enables us to count t 
actual number of eggs liberated at 
ovulation. Among dogs the average 
ter size of such breeds as airedales 
very high, probably in the neighborlh 
of nine, while the greatest number 
such breeds as chihuahuas is tw 
three, thus providing a splendid cha 
to determine whether the differenc: 
inherited. Injections of extract of 


pituitary has been shown by P. E. Smit! 


to result, in mice, in greatly increas 
numbers of eggs at any one ovulatio1 
mice. As many as twenty-nine 
planted embryos have been counted 11 
single pregnancy by Smith, althoug 
largest litter record at birth among t! 
tens of thousands of cases in our labor 
tory is fourteen. By this techniqu 
ean evidently introduce an interest 
experimental factor. In addition to t 
the effects of temporary sterilization 


duced by X-rays or other means is ope! 


to study. It is a well-recognized 
easily obtained phenomenon. 


Although these things are apparently 
disconnected, they all have a direct bear- 
So also hav 


ing on human genetics. 
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+he numerous investigations made on the 
effects of reproductive overwork, the 
relation of nutrition to fertility and the 
fects of these various things on the 
ourse of the oestrus cycle. 

The possibility of controlling the sex 

itio by altering experimentally the 

dy fluids of the female reproductive 
tract. the modification of the sex ratio 
y other agents such as X-rays, hybridi- 
ation or artificial insemination with 
perm of different ages are also matters 

r study in laboratory mammal ma- 
terial, which is rich in its opportunities 
n these and in allied fields. 

SUSCEPTIBILITY OR RESISTANCE TO 
DISEASE 

There are two general types of path- 

logical conditions which will be open to 
investigation in laboratory mammals. 
The first of these deals with infectious 
qiseases. 

Wright has shown that inbred strains 

f guinea-pigs may differ from one an- 
ther in respect to their susceptibility 
to tuberculosis. Hagedoorn has pub- 
lished evidence which he believes dem- 
onstrates hereditary differences in sus- 
eptibility to an intestinal infection in 
hybrids of waltzing and tame mice. 
Tyzzer has described a microorganism 
which lives within the cells of the liver 
and causes death to Japanese waltzing 
mice but not to ordinary non-waltzing 
varieties. There is undoubtedly a great 
field for research in this general line of 
work. Slye has frequently shown clearly 
that there are particular strains and fam- 
ilies of mice in which death due to in- 
fection of various types is much more 
common than in others—thus suggesting 
hereditary differences in this respect. 

A second type of pathological condi- 
tion resulting in structural or functional 
defects is known to be genetic in several 
eases. Cole has described the inheritance 
of paralysis agitans in guinea-pigs as a 
mendelian recessive. Stockard and 
Papanicolaou found a number of cases 


of disequilibration and nervous tremor 


in successive generat ulnea-pigs, 
following treatment of » ancestral gen 
eration with alcohol Przibram 
found hereditary di 
blue-eyed white cats, 
that after the sixteent 


mice are deaf. In t! a 


} 
aay all 
] 


* Waltzing al 
its accompanying d 

together as different 
the 
has recently described 
tion in the retina of 


same mendelian 

rtall 
Here also a simple rec 
involved. Jones has ol 
mental animals a strain of ra 
reduction of one or both e 
but not in a simple n 

In the 
Bagg and the writer have « 

herited eye and foot abnormalities and 


deseendants of 


Bagg has recorded absence or reduction 
of one or both kidneys, which is also in 
herited. 

In man there is a whole series of struc 
functional diseases which are 
inherited. Hemophilia, nystagmus, hy 
pospadias, Huntington’s chorea, dia 
betes insipidus, xeroderma pigmentosa 


tural or 


+ 


and alkaptonuria are examples chosen at 
random to show a wide range of charac 
ters which may be affected. 

In addition to the eonditions already 
mentioned the hereditary tendency to 
form mammary and other forms of can 
A number of 
investigators, Haaland, 
Loeb and Lathrop, Slye, Lynch, W. 8 
Murray and the writer have published 


cer has been investigated. 


Tyzzer, Strong, 


a considerable body of papers in the 
general field of genetics of cancer. At 
present it seems as though in mice mam 
mary cancer behaves as a mendelian 
dominant, the 
is limited normally to the female sex 


Slye’s work also that different 


manifestation of which 
shows 
families or strains may be developed in 
which the particular localized types of 
tumors are relatively constant for any 
particular group. Many of the types 
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other than mammary cancer are in no 
way sex-limited. The evidence for the 
exact method of inheritance of the ten- 
dency to cancer in man is naturally not 
so direct or so easy to accumulate. There 
is no reason at present, however, to lead 
one to believe that the conditions in man 
are widely different from those described 
in mice. It can easily be seen that the 
genetics of comparative pathology will 
be one of the most important divisions 
of the general field of mammalian ge- 
netics as future developments are re- 
corded. 


(d) LetHaL ACTION OF THE GENE 
DurRING DEVELOPMENT 

Lethal action of a mendelian gene in 
animals was first discovered in mice. 
Embryological research by Kirkham, 
Ibsen and others established the correct- 
ness of an hypothesis based on experi- 
mental genetics on the inheritance of 
dominant yellow coat color in mice. The 
hypothesis advanced by the writer and 
Castle (1910) was that homozygous yel- 
low mice started but did not complete 
their embryonic development. Such be- 
ing the case it follows that an excellent 
chance for investigating the nature of 
lethal factors is offered. 

In mice also a dominant type of spot- 
ting, producing when in combination 
with the ordinary piebald spotting a 
variety known as ‘‘black-eyed white,”’ 
also acts as a lethal independent of yel- 
low coat color. Detlefsen and others 
have recorded the appearance at birth 
and the survival for a few days there- 
after of a pale whitish anemic type of 
young. This they have described as be- 
ing the homozygous black-eyed white. 
It may be that such is the case. The 
writer, however, has found what appear 
to be similar young in the cross of black- 
eyed white by piebald from the same 
stock. Since all black-eyed whites in 
that case are heterozygous it would not 
be possible for homozygosity of the 
factor for dominant spotting to have 
caused the lethal action. Wriet has de- 


scribed a dominant spotting in 
‘‘dunkerhunds’’ which causes de 
present in a homozygous form 
short-tailed variation in mice is als 
scribed by Nageli as a clear eas 
dominant lethal. Mohr, as it has 
stated above, has published some 
dence that brachyphalangy in man 
like a lethal. The writer and Gib} 
have tried to show by a statistical an 
sis of human pedigrees of hemop| 
and color blindness that there wer 
tain physiological factors at present w 
identified but lethal when present in 
situation unbalanced by a normal! 
In the cases recorded they chanced 
sex-linked and therefore distorted 
sex ratio so clearly as to be record 
statistically. 

The relation of lethal factors to t! 
occurrence of still-births in man is 
matter for attention and research 
should prove to be a fruitful and int 
esting field of cooperative endeavor |} 
tween mammal geneticists and the medi- 
al profession. Data obtained from ¢! 
Sloane Maternity Hospital in New York 
showed that there are fewer still-births 
when the parents are from differe1 
nationalities than when they are of t! 
same. Whether this means that the en 
bryo in a relatively inbred race was 1 
able to survive and that the embri 
derived from a cross between nat 


showed heterosis or hybrid vigor and s 


survived is not known but should | 
further investigated. 

Lethal genes are interesting |! 
merely because they may account f 
considerable lowered fecundity throug! 
early mortality but also because in study- 
ing the process of disintegration of 
embryos killed by lethals we may 
able to get a better idea of the natur 
of growth, morphogenesis and of t! 
development of the gene’s activity 
different stages in ontogeny. 


be 


(e) PsycnotoeicaL Factors 
The evidence of inheritance of gen 
eral mental ability in man is strong 
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enough to be an impetus to further re- 
search. From Galton’s study of men of 
genius to Wood’s more recent investi- 
gation of the same general topic and 
Banker’s research on families of Har- 
vard alumni a mass of facts has been pil- 
ing up to show the hereditary basis for 
ability. 

Special abilities also give evidence 
of a genetic foundation. The work of 
Stanton, Seashore and others in the 
ynalysis of musical ability and in trac- 
ing the inheritance of its various com- 
ponent parts sets a standard for this 
type of investigation. 

The field of genetics of psychological 
characters in laboratory mammals is al- 
most a new one. The relation of habit 
formation, associative response, learning, 
and other phe- 
nomena to various genetic phenomena, 
such as inbreeding, hybridization, over- 
crowding, isolation, malnutrition, and 
to the activity of the glands of internal 
secretion will offer important fields of 
Bagg and 


memory psychological 


research for decades to come. 
Vicari have already independently shown 
differences in rate of learning between 
inbred strains of mice and the latter has 
demonstrated an effect of heterozygosis 
following hybridization of two such 
strains. MacDougal believes that he has 
evidence of the inheritance of an ac- 
quired habit or ability in rats. 
has described experiments with mice in 
which he attempts to prove that the ef- 
fects of learning are inherited. His work 
has been repeated with negative results 
by other investigators and might well 
have followed rather than preceded a 
careful and extensive study of the nor- 
mal racial and individual variation in 
the process of learning in mice. 

Dogs will also provide admirable ma- 
terial for the study of the genetics of 
psychological phenomena. Habits, such 
as “‘pointing,’’ ‘‘setting,’’ ‘‘springing,”’ 
““giving-tongue,’’ ‘‘going to earth’’ and 
a number of other natural 
can be studied and compared with the 


Pavlow 


responses, 


great number of ty] 


ing training that will bring out marked 


individual differences in ability. 
Both dogs and mice 


nave enoug 


siological and morphological 


to provide an excellent opportunity 


the investigation of betwer 


psychological and physic: 


ties. Possibly from such researc! 
come more definite and extensive | 
edge of the nature of many of the funda- 


mental mental processes 


} 


The importance of such 


investigation 
ent and when 


generally recognized is certain to mean 


to education is very evi 


increased experim: ntation and coopera- 
tive research between schools of educa- 
tion and mam an 
renetics. 

The necessarily imperfect and hurried 
of five broad 
investigation can now be considered from 


departments of 


survey fields of possible 
four great general 
These 
permanency of the 
soma to germ plasm, the nature of the 


the point of view of 


unanswered problems. are the 


genes, relation of 
gene as shown by its activity during 
ontogeny, and the 
ducing genetic change by gradual ac 


possibility 0 pro 


tion of various substances. 


(1) THe PerRMANENCY OF GENES 
The recent work of Muller h: 
that in Drosophila the 
change by mutation is very rapid. So 
high is it, in fact, that the 
in that material, of the pure 
pothesis of Johannsen, and the 
fixity and relative unity of inbred lines 
prove 


iS shown 
rate of genetic 
usefulness, 
line hy 


genetic 


seem very much in doubt. It 
a great handicap to 
have a form so subject to mutation that 


may 
future research to 
its stability, when desired for testing 
purposes, is not reliable 

It will at all events be desirable to in 
vestigate, in addition, 
mammals, in which the 


such forms as 
rate of mutation 
at various and under different 
types of physiological or other environ 


ment can be observed. We 


ages 


know from 
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the work of Strong and the writer that 
in mice the normal and characteristic 
development of the individual proceeds 
from an initial phase of relative undif- 
ferentiation to the peak of physiological 
individuality at the young adult stage 
of the individual. As the animal ap- 
proaches senility there appears to be 
evidence that its degree of individual 
differentiation again decreases and that 
this condition continues until the death 
of the animal. Senility thus at least 
superficially resembles a _ physiological 
**seeond childhood.’’ 

If now, as the work of P. E. Smith 
shows, it is possible to bring on the proc- 
ess of ovulation at an earlier than nor- 
mal age by injections of anterior lobe of 
the pituitary, we shall be able to increase 
the scope of our field of experimentation. 
It may also be possible to prolong ovula- 
tion in mice which in other respects are 
approaching senility by the same method 
or by some other type of rejuvenation 
process. This will enable us to study 
rate of mutation under varied internal 
environments. Quite as good a chance 
of studying the permanency of genes is 
afforded in males of different ages. 

The effects of changes in the gene 
would, of course, be measurable in re- 
spect to rate of maturity, degree of 
fertility, length of life, rate of growth, 
susceptibility to disease and a number 
of other processes which are very diffi- 
cult to study experimentally in animals 
with too short a life span. The addi- 
tional fact that transplantation of vari- 
ous normal and neoplastic tissues in mice 
have given us a means of analyzing the 
genetic nature of many physiological 
processes is a further indication that 
variations by mutations other than those 
of form or structure will be more easy 
to detect in these animals than they 
would in forms where transplantation is 
not so easy. 


(2) Reuation or Soma TO GERM-PLASM 


The classic experiment of Castle and 
Phillips in which black young were 


obtained from eggs derived from ovar 
of a black female guinea-pig tra; 
planted to the body of a white fem 
gives clear indication of the opportu 
nity which exists in mammals for 
search on the relation of soma to ger 
plasm. 

While the particular characters used 
by Castle and Phillips as tests of whether 
an influence of the foster-mother 
be detected were not ideal, there 
many others which can give us informa- 
tion of a more accurate nature. Th 
use of a color character of the type in 
volved in the difference between colored 
and albino animals is not as well ealeu- 
lated to demonstrate minor degrees of 
modification as would be a test involv- 
ing such differences as those of spotted 
animals as contrasted with solid color 
ones, or of the more subtle physiological 
characters, such as_ susceptibility 
transplanted tumor or inherited differ- 
ences in size. In these cases, as well 
in psychological traits, it is easier 
detect the minute quantitative variati 
or modifications which are not so read 
detected in the case of color character 
of the sorts used by the investigators r 
ferred to. 

To provide an additional field of re- 
search, the possibility of regeneration 
of ovarian tissue in mice, recently de- 
scribed by Davenport, suggests that 
new line of approach to both changes i1 
mutation rate and in the relationship 
of germ-plasm to soma may be develope: 

The techniques of MacDowell and of 
Nicholas show that we may, with care, 
expect to develop methods by which we 
ean obtain more accurate first-hand 
knowledge of what is going on durin 
the stages of ovulation, fertilization and 
embryonic development. This should ai 
greatly in solving certain of the problems 
of relationship between maternal and em- 
bryonic tissue, and so contribute directly 
to the general question of the inter-rela- 
tionship of soma and germplasm. 
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3) Tue Propuction or GENETIC 

CHANGE BY GRADUAL TREATMENT 

Mammals are peculiarly fitted for ex- 
neriments in this general field. Besides 
providing us with a wealth of different 
types of characters to be studied, time 
is afforded during the various 

f the development of the individual so 
that we may analyze with considerable 
accuracy both experimental treatment 
and its effect. 

Stockard and Papanicolaou’s work in 
guinea pigs with alcohol fumes, and 
Guyer and Smith’s experiments with 
rabbit lens antibodies are two well-rec- 
ognized eases in point. In addition, 
Bagg and the writer have reported mor- 
phological genetic variations in the de- 
seendants of X-rayed mice, and J. M. 
Murray has published a preliminary 
note on some of the direct effects of ir- 
radiation. Jones has cooled and dried 
the Fallopian tubes and uterus of rats 
of the selected inbred Wistar Line ‘‘A’’ 
strain in the early stages of pregnancy. 
Certain of the young derived from im- 
plantation following this treatment had 
The defect appears to 
have been inherited. Numerous investi- 
gators have shown direct effects on 
growth, size and fertility by dietary 
changes; and Johnson (unpublished 
work) has found changes in the same di- 
rection by repeated exposure of young 
mice to ultraviolet light. These investi- 
gations suggest that repeated treatment 
by any or all of these means can be made 
a method of testing whether germinal 
change can be induced by gradual modi- 
fication of environment. Mice which 
commonly give four generations per 
year and yet have an individual life 
span of two years or over are ideal for 
work of this type. 

The possibility of the transmission of 
immunity slowly acquired is also worth 
careful study and is capable of much 
more interesting analysis than has yet 
been given it. 


stages 


defective eyes. 


MAMMALIAN GENETICS 


By using these and other methods the 
old but always interesting question of 
*‘use and disuse,’’ if taken in its broad 
est meaning, will, in laboratory mammals 
of known genetic be capable of 
new and 


under experimentally changed environ 


types, 


more important investigation 


ments. 


THE BEHAVIOR rHE GENE DUR 


ING UNTOGENY 


| and 


peen loeated 


After the 


the chromosome mapped 


rene has 


with great ac 
k 


curacy, we shall still need to know all 
that we can concerning the gene as an 
activator, deterrent, inhibitor or other 
influence on structure and function dur- 
ing ontogeny. 

We ean not avoid the fact that 


it is translated into terms of activity 


until 


the gene will remain an inert locus in the 
gamete and will not be analyzable or 
even deseribable in any significant terms 
It is not at all 
to the old fixed correspondence between 
gene and character which lay at the basis 


necessary to subscribe 


of much misunderstanding and discus- 
sion, following the earlier work of Cuénot 
and of Castle. One may cheerfully ad- 
mit that many genes influence the ap- 
pearance of every character and take 
part in its development, or that any gene 
may influence many or all 
of an individual 
also willingly agree that the gene is the 
fundamental and unit 
in genetics. In spite of 
however, we 
that a gene remains at 
any distinguishing characteristic unless 


characters 
organism. One may 
localizable 
all these things, 
forced to 
without 


basic 


are also admit 


present 


it is measured in terms of developmental 
processes which we have been accustomed 
to call ‘‘characters.’’ 

For the investigation of such processes 
laboratory mammals are remarkably, if 
not uniquely, adapted. With internal 
moisture and temperature controls, with 
a relatively continuous type of develop- 
ment, with a life and seal 


span size 
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fitted for the detection of minute quanti- The rapid multiplication of man 
tative variation in rate, extent and form has forced the attention of man y 
of development, they are as well fitted himself and his neighbors. His att 
for the advanced study of the activity tion will remain there. his stud, 
of the genes aS are any organisms at our focussed there, his major problems 
disposal. ; _ arise there, and there his chief su 
Those interested in problems of 4n4@ failure will be experienced from t 
present time until a cataclysm redu 
his numbers by hundreds of millions 
his control of his own physical 


theoretical genetics; those engaged in 
medicine, sociology, law, theology or edu- 
cation; those interested in human bio- 
logy, racial modification, or even individ- 
ual development from any angle, may all 
combine in awaiting advance in experi- 
mental studies of the types mentioned. inspired scientific leadership. 


psychological progress, based on s 
research, is determined and insured 





CAN WE LIVE LONGER? 
A MEDICAL VIEWPOINT 


By Colonel HARRY VANDERBILT WURDEMANN 


et 


ATTLE, 


From the clinical point of view of the 
ndividual the answer to this question 
must be unqualifiedly in the affirmative, 

r history shows marked increase in 
erage longevity, biology 

nger life and science is gradually gain- 
ing the victory in the reduction of infant 
mortality and over-communicable dis- 


predicates 


ease. 
Let us go to the ancients for a moment 
md see what was their expectation of 


life. 
The Seriptures state, ‘‘And all the 
days of Methuselah were nine hundred 
and sixty-nine years; and he died.’’ 
The average age of the oldest Biblical 
characters according to this history was 
five hundred years. We who are living 
in the progressive Northwest, and not in 
Tennessee, now know from the evolution- 
ary study of civilization that the an- 
ients reckoned time by the moon, and so 
the oldest historical character according 
to this computation would have been 
seventy-five when he passed on—a fair 
id age for those times of war, want and 
pestilence, when probably a virile man 
begat a hundred or more children, 90 
per cent. of whom perished in infancy, 
three fourths of the remainder before 
physical possibility of perpetuation of 
the species. 

In the tree-climbing days, before homo 
sapiens could speak, only those who were 
most resistant to disease reached matur- 
ity, many of them dying early by acci- 
dent or being killed by savage beasts, or, 
in times of scarcity, eating their own 
young and infirm. 
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permitted in any modern | 
or public assembly. They 
a dirty and intemperate lot 


and they knew 
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even up 
a few generations ago, 
nothing the prevent 
before puberty. The ; 
off to the wars and were killed or were 
beaten, tortured or worked to death if 
they remained on the of their 
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masters. Thus in those days the prob- 
able expectation of life was only twenty- 
five years. 

By 1900 it had doubled, reaching ap- 
proximately fifty years (49.24 years for 
a new-born baby), and in 1926 had risen 
to 57.32 years. Even in overcrowded 
New York City during the last fifty 
years the expectancy of life has in- 
creased nearly 60 per cent. How much 
better it must be in this favored region 
of the Northwest, where we have good 
food, where we lively largely out of 
doors and where many diseases that 
depopulate other peoples are but aca- 
demically known. 

Thus by sanitation and the lessening 
of sanguinary conflicts a certain advance 
has been made in the extension of human 
life, and much of this advance through 
the medical profession, whose work it is 
to prevent disease as well as to cure it. 

But what are we doctors doing to 
prolong life after disease or injury? It 
is recognized by physicians and sani- 
tarians that fully one third of the deaths 
are induced by preventable causes and 
ean be warded off for a time, especially 
in these enlightened United States of 
America. 

Our whiskey has mostly been taken 
away from us; diabetes is cured by in- 
sulin; syphilis by salvarsan; tuberculo- 
sis, typhoid, diphtheria, by inoculation 
and serums, smallpox by vaccination. 
Even the common cold, the forerunner 
of many deadly diseases, is amenable to 
serum treatment. The people generally 
know these facts and seek early treat- 
ment. Sweeping epidemics of smallpox 
used to take off 10 per cent. of our an- 
eestors. Now no one should die from it; 
in fact, no one can take it if properly 
vaccinated. In my early practice 60 per 
eent. of children with diphtheria died, 
now only 6 per cent. There should be 
no more typhoid or other such diseases 
as were common up to twenty-five years 
ago. We know the menace of the house 
fly, the flea and the louse. 
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But, how about the reported ineres 
in cancer, in heart disease and ¢j; 
latory affections which take off 50 
cent. of people over fifty? Thes 
degenerative diseases of advanced 
and are apparently more prevalent } 
cause they are properly labeled, 
diagnosed, and because we live longe, 
Even within the last few days M) 
Lasker has given to the Medical De; 
ment of the University of Chicago o 
million dollars to study them and so y 
hope for results such as have come { 
the Carnegie, Rockefeller, Vander! 
and other foundations—a wonderful u 
for these swollen fortunes. 

The United States Governm 
through the Agricultural, State, War 
and Navy Departments prevents 
entrance of plague carriers and defi 
tives by more or less strict inspection . 
immigrants and has instituted research: 
into the microbic, vegetal, anima! ar 
human origins of communicable dise: 

There is no physiologic reason w! 


human life ean not be prolonged from 


the present expectation of sixty-fiv 
even that of the Psalmist of four s 
years and ten. ‘‘Yet his days shal! b 
one hundred and twenty years’’ (Ger 
6:3). 


There seems to be a rule of man 


malian life that its duration is five times 


the time of the growth of the bones 
This is about twenty years for mar 


Therefore we should live to be a hun- 


dred before the complicated system 
cells we call our body ceases to repro 
duce offspring. In truth we die dail) 
but these new cells are born every se 
ond of our existence. 

The cell is immortal and if fed prop 
erly, as far as we now know, the puls 


>r»4 


tion of life may go on forever. Bu 


immortality is incompatible with such 


a highly organized association of cel! 


so senility and death must ultimately 


ensue. 
There are, however, psychologic at 


economic reasons why some of us should 


} 
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not live longer. Would not society and 
the average person be better off were th: 
2 per cent. of insane, the 5 per cent. of 
morons, the nearly million of criminals 
and the five million of asocials, out of 
the 118 millions of Americans, to die off 
in early life before they have a chance 
to perpetuate their defects in their 
progeny ? 

Applied eugenics may some day tak: 
are of this question. 

From the evolutionary point of view 
of the race as a whole, the prospect is 
for increase in the average weakness of 
the adult constitution ; for the germ cells 
seem to be deteriorating through the 
multiplication of sublethal genetic mu- 
tations. In plain language, weak 
parents are breeding just as many 
children as ever, which inherit their 
defects, while those with the best bodies 
and brains are having smaller families 
or no children at all. The race may 
reach the position of equilibrium of 
equalization which will determine the 
length of man’s days. 

It is indeed worth while for the nor- 
mal individual to live as long as he can 
be useful to his fellow men. Don’t be 
like Methuselah, whose only result of his 
969 years shows in the sentence, ‘‘He 
begat Lamech.’’ 

Many of the finest achievements in 
statesmanship, literature, medicine and 


the arts have been made by men of sixt) 
or over. Is , ’. W. Keen at 
ninety-one 01 

sicians of the world 
at eighty; the statesn 
Balfour, eighty-nine ; 
Von Hindenbur 
ceau, eighty-six 
leo, the philosophers, 
and Lamarck; Browning 
the poets, Verdi the composer, produced 


two: 


The astror 


mer 
Herbert Spencer 
Goethe, 


and 


their masterpieces between the ages 
Titian painted 


and 


seventy and eighty-five. 
at ninety-eight. Sarah 
Joseph Jefferson acted at seventy-fiv: 
Most of the successful in the 
World War were far past the American 
War Department retiring age of sixty 
four. 

It is certain that productive mental 


forty 


Bernhardt 


ri nerals 


activity is greatest after the age of 
provided that the health of the individ 
ual is good and that cares and responsi 
bilities do not take away his ambitions 
The preamble to our constitution guar 
antees the pursuit of happiness to the 
individual, but he must have his health 
insured as well as his ambition for pro 


conserved to make 


1+ 
i 


ductive work 
worth while to live longer 
The soclologic aspect ot long life will 


be discussed by Professor McKenzie, of 
the University of Washington. 


A SOCIOLOGICAL VIEWPOINT 


By Professor R. D. MCKENZIE 


UNIVERSITY OF WASHINGTON 


Dr. WiRDEMANN has shown you that 
the average length of life has increased 
considerably during the last few decades 
as a result of the increasing efficiency of 
medical science. But what is meant by 
the average length of life and how great 
has the increase actually been? The 
average length of life simply means the 
life expectancy at birth. In 1920 this 


} 


years for white males 


was 55.33 
United States 
hundred thousand 
same day start on the 
together the average age at death would 
be fifty-five years. Thi 

Census estimates that during the 
year period—from 1800 to 1920 

has been in the United States a gain of 


In other words, 
babies 


journey of 


born 


Bureau of the 


120 


there 
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twenty-five years in the average length 
of life. The bureau has published three 
life tables since the beginning of the 
present century. The 1901 table places 
the average length of life at forty-eight 
years, the 1911 table places it at fifty 
years and the 1920 table at fifty-five 
years. It will be observed that there has 
been a rather rapid increase in the aver- 
age length of life during the last two 
decades. 

Let it be clearly understood, however, 
that these gains are for the average 
length of life. They do not signify that 
the number of persons reaching extreme 
old age is increasing or that the maxi- 
mum span of life is becoming greater. 
In fact, until very recently the life ex- 
pectancy for all ages over thirty-two 
years was showing a tendency to decline 
rather than increase. In other words, 


until 1920 a person of forty had a 
poorer chance of reaching say the age 
of sixty-five than a person of forty had 


in 1890 or in 1900. The 1920 life table, 
however, showed a more favorable ex- 
pectanecy for persons of middle life. 
But it still showed the life expectancy of 
persons over eighty years of age to be 
less than for the corresponding age 
group twenty years previously. Similar 
eonclusions may be drawn from an 
analysis of the regular census data. <Ac- 
cording to the United States census for 
1920 only 2.6 per cent. of the population 
had attained the age of seventy years or 
more. The ratio of this age group in 
1910 was 2.3 per cent. of the total popu- 
lation and in 1900 exactly the same. So 
you see the percentage of persons who 
reach the allotted span of three score 
years and ten is remaining about con- 
stant. However, when we consider real 
old age, persons who have attained one 
hundred years or more, we find a still 
poorer showing for longevity. In 1880, 
when the United States had a popula- 
tion of fifty million people, the census 
listed 4,016 persons as having attained 


the age of one hundred years or p 
But in 1920, when the population 
reached one hundred and five mj 
the number of persons listed as on 
dred years of age or over was only 4,267 
In other words, although the tota] 
lation of the country had increased n 
than 100 per cent. during this ferty-y 
period the number of persons of 
hundred years of age or more had 
creased only 6 per cent. 

It is quite clear, therefore, that ] 
ever successful medical science has hy 
in combatting the diseases of child] 
and youth it has not as yet added a 
thing to the maximum span of 
Human existence is a product of tw 
sets of forces: heredity and environment 
Longevity, as all physicians agree, 
largely a result of heredity. Medi 
science and social control in general m 
furnish a favorable environment, 
they can not change the hereditary traits 
of the human organism. Apparent) 
the only way to extend the span of 
is by carefully guarding our long-liv: 
stock. 

Let us now consider the possibility oi 
further increase in the average length o! 
life. It is common knowledge that 
recent increase in the average length « 
life has been due primarily to the say 
ing of babies and children. Fifteen 
cent. of all deaths occur among infants 
under one year of age. Every ch 
saved, therefore, adds about fifty-fiv 
years to the possible life of the commu 
nity, whereas a person saved at the ag 
of say forty-five adds only about 
years. The rapid progress which m« 
eal science has made in recent years in 
combating the germ diseases of child 
hood and youth is apt to leave the im- 
pression that similar progress can bh 
continued indefinitely and that eventu 
ally the average length of life may b 
seventy, eighty or ninety years. Such, 
however, is not at all likely to be the 
ease. Now that most of the germ dis- 
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eases are under control, science has to 
attle with the more profound constitu- 
ional ailments, such as organic diseases 
‘ the heart, cerebral hemorrhage, can- 
er, Bright’s disease, all of which are on 

increase. In this respect the indi 
vidual rather than the wholesale method 
must be employed and the results wil! 
not be so pronounced. In fact, medica 
sience has already reached the point ot 
liminishing returns so far as the reduc- 
tion of the death-rate is concerned. 
During the last few years, according to 
Metropolitan Life figures, there has been 
no gain at all in the average length ol! 


Then there are other factors to be con- 
sidered over which medical science has 
no control. Some philanthropist, such 
as John D. Rockefeller or Andy Gump 
may offer millions for the capture, dead 
or alive, of the last bug that destroys 
the human organism, but this does not 
in itself guarantee that all the enemies 
of human life will thereby disappear. 
Man has ways of destroying himself that 
are quite as effective as those of the in- 
visible parasite. To prove this statement 
we have only to review the increasing 
death-rate from violent causes, not to 
mention that from the so-called degen- 
erative diseases. Our fatal accidents 
claim one hundred thousand lives a year 
and the rate is steadily increasing. In 
1926 twenty-five thousand persons were 
killed and seven hundred and fifty-nine 
thousand severely injured in highway 
accidents alone. In other words, a city 
about the size of Bellingham was com- 
pletely wiped off the map during the 
year and one twice the size of Seattle 
converted into a hospital for the maimed 
and crippled. We are living in a tech- 
nical age of movement and speed. Every 
invention that gives us mastery over dis- 
tance, such as the railway, automobile 
and airplane, ushers in new causes of 
violent death. The death-rate from 
homicides has more than trebled during 
the last two decades and that from sui- 
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country over seven hundred thousand persons who are supported within 
persons so severely crippled as to be un- vate homes or by private institutions 
able to earn their own livelihood. Then agencies. 

there is the criminal class. The latest Of course I do not argue that th: 
census of our penal institutions lists way to deal with social incompetent 
one hundred and twelve thousand to let them die. It would appear 
steady boarders and four times that a much saner policy to prevent 
number of temporary visitors in the being born. But this is another 
course of a year. This army of incom- tion, a subject for another debate. 
petents, totalling well over a million and main point to remember is that 

a half, gives a very inadequate picture present conditions advance in th 
of the economic burden entailed. Ittells age length of life is not in its 
nothing about the host of dependent unmitigated blessing. 
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THE OIL GAME 


By the Late EDWIN THEODORE DUMBLE 


Some months ago as I was walking 
along the bank of a creek which flows 
beside the old ice pond at my home in 
Virginia, I was struck by the appear- 
ance on the water of circles of iridescent 
lors such as may be seen on any wet 
street where oil has been dropped from 
an automobile. ‘‘Gee-whiz!’’ said I to 
myself. ‘‘Did I come up here from 
Texas to forget there was such a thing 
1s oil only to find oil springs on my own 
place?’’ I immediately cut me a stick 
long enough to reach the colored patches 
and proceeded to test them. I found 
indeed that while the colors and circles 
were quite similar to those of oil they 
did not have the flow of oil circles, but 
when stirred they broke into angular 
portions which did not readily reunite. 
It was simply a scum of organic or fer- 
ruginous matter—and so I was spared 
the harassing trouble of opening up a 
new oil field. 

Oil as it occurs in nature is in reality 
a series of organic substances, beginning 
with light gases and passing downward 
through oils of various gravities to 
asphalt, asphaltine and carbon. It 
usually occurs as a mixture of several 
grades of these oils and gases. 

The questions as to the origin of oil 
and its manner of formation have been 
widely discussed without any final agree- 
ment having been reached as to either. 

We know that voleanoes emit gases of 
the oil series and that some of these are 
condensed into oil, but there is not suf- 
ficient of this to be of commercial im- 
portance. By far the greater part is 
derived from the decomposition of cer- 
tain animal and vegetable matters under 


1 Formerly state geologist of Texas and later 
consulting geologist, vice-president and gen- 
eral manager of the oil properties of the 
Southern Pacific Company. 


special conditions. At times this decom 


position takes place in the open air and 
the resulting oil is carried by water an 
absorbed by sand beds. At others, it 
seems that the decomposition, in part at 
least, takes place on the bottoms of v 

the Dead 


} 


salty lakes or seas, such as 
Sea, but the 
place from remains buri 
laid down in 


salt is a necessary adjunct to the gen 


alteration may also take 
d in sediments 
salt-water. Apparently 
eration of oil, and in some districts the 
oil is found in direct connection with th: 
salt. 

Thus, in the 
Texas, almost every oil field is located on 


Gulf Coast region of 
the apex or flanks of a salt dome. 

These domes are the peaks of deeply 
buried mountain ranges, and the oil and 
gas have in some manner found their 


way up the slopes of these ridges and 


peaks to porous beds along their flanks 


or on their tops, where the oil is gath 
ered in pools under considerable pres 
sure—hundreds of pounds to the square 
and held until reached by the 
drill, when it bursts out as gushers. A 
part of this from the in- 
cluded gases, but by far the larger part 
the 


inch 
pressure is 
is hydrostatic and due to accom 
panying salt-water. 

The salt masses of these domes som 
times reach, nearly or quite, the surface 
of the ground, as at Jefferson Island in 
Louisiana. At others 
depths varying from a hundred feet to 
two thousand feet or Some of 
these domes afford great 
salt. I was in one a 
where the salt was being mined from a 
depth of over five hundred feet, and 
boring had proved the salt to be in a 
solid bed three thousand feet below this 
and at least a mile in diameter. 


+ 


the salt lies a 


more. 
mines of rock 
ago 


few weeks 
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A part of the decomposition of 
organic matter which results in the 
formation of oil is believed to be bac- 
terial. In California, much of the oil is 
derived from minute animalculae, while 
elsewhere it seems to be from the re- 
mains of plants. 

Oil oceurs in rocks of all geologic ages 
and in almost every quarter of the globe, 
but in many of these it proves to be in 
too small quantities for satisfactory 
development. For instance, there are 
places where the oil vccurs impregnating 
beds of rock hundreds of feet in thick- 
ness and extending over thousands of 
square miles and where the aggregate of 
the enclosed oil is far greater than the 
total production of the larger fields— 
and yet there is no available oil at all. 
It is simply disseminated through the 
rock material and can not be separated. 
It is only where a number of favorable 
conditions combine that we find the oil 
pools which yield such stores of wealth 
and romance. Fortunately for the 
world there are many such places. In 
all these cases the oil occurs as actual 
oil. 

Of late there has been considerable 
talk of the vast deposits of oil shale and 
the great amounts of oil that can pos- 
sibly be recovered from them. There is 
no question as to the existence of im- 
mense deposits of these shales in the 
Rocky Mountain region and on the west 
coast as well as in Kentucky and other 
more eastern states. But in none of 
these does the oil oecur as actual oil but 
rather as potential oil—a substance 
known as keragin, which is allied to the 
fats and yields oil when subjected to 
destructive distillation. Other shales 
earry resins which similarly yield oil 
when properly distilled. The possibility 
of producing oil from these shales com- 
mercially is a problem of the future. 

From earliest times oil and gas have 
been known and used in eastern coun- 
tries. Gas springs and sipes were used 
by ancient priests to keep perpetual 
fires on their altars or shrines, and 


asphalt was used as mortar in the y 
of Babylon and elsewhere. History , 
cords many uses of the oil in Pers 
China and other regions of the east 
and it was used medicinally by 
American Indians long before the dis 
covery of America. 

Its real utilization, however, began 
with the drilling of the Drake wel] 
Pennsylvania less than seventy y: 
ago, since which time the oil business h; 
grown into one of the greatest indust) 
of the world. 

So great was the value of this indy 
try to Pennsylvania that the Geologica] 
Survey, under Professor Lesley, mad 
special study of it and by their work 
greatly aided in its extension. One of 
the geologists engaged in this work w 
my friend, Dr. I. C. White, who decid 
that as the rocks and rock conditions of 
the Pennsylvania oil fields could be 
traced into West Virginia, he could se 
no reason why the oil pools should not 
also be found there. 

This was the earliest application of 
strictly geological work to oil field inves 
tigation. He found little encouragement 
among the people who should have bee: 
most interested, and finally decided 
venture the drilling of a well or wells | 
prove or disprove his theory. He found 
the oil and made West Virginia 
famous oil and gas producer, and 
addition he secured for himself not on!) 
a considerable fortune in money but 
most enviable reputation as an oil geolo 
gist. It was through my persona! 
knowledge of him and his work that | 
began my investigations in Texas, Ca 
fornia and Mexico along the same lines 

The search for oil is really a most 
entrancing occupation, but possibly it is 
the enthusiast who knows least about 
the game who gets the greatest thrill out 
of it, although there is usually a plent) 
of excitement for everybody. 

It is a great gamble, a game fraught 
with continual surprises. Many, in fact 
most, of these surprises prove to be bit- 
ter disappointments, resulting as the) 
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do in the loss of time and of much money 
from drilling and finding only a dry 
hole. Oceasionally oil is struck by the 
more fortunate and in such large quan- 
tities as to bring a rapid rise to wealth 
unsurpassed by any other calling in the 
world. It is these occasional yields of 
great fortunes which are usually her- 
aided abroad, while the losers are 
quickly forgotten. But even those who 
fail, time and time again, seem infected 
with a growing optimism which will not 
let them acknowledge defeat—and some- 
times a change of luck puts them in the 
ranks of the plutocrats. I might say 
also that at the present time the oil 
game is a very expensive one. While 
our company has had wells costing only 
three to five thousand dollars that 
quickly paid for themselves in only a 
day or two, yet on the other hand we 
have had wells that cost from a hundred 
thousand to two hundred thousand dol- 
lars that never produced a drop of oil. 

I suppose that the average well in the 
Los Angeles district to-day costs fifty 
thousand or more. This is not a game 
of penny ante in which a man of mod- 
erate means can afford to indulge. 

The discovery of oil is usually due to 
the occurrence on the surface of the 
earth or water, of gas blows or oil sipes, 
which may show as simple colorings and 
slight flows of oil, or which may expand 
into pools or even into lakes. In other 
words, oil very frequently, but not 
always, discovers itself. Once it is 
known to exist in a region, however, 
there are many minor signs which indi- 
eate its probable occurrence at different 
places in the vicinity, such as salt or 
sulphur water in wells, what is known 
as paraffine dirt, slight arching or dom- 
ing of the overlying rock material, etc. ; 
and it is to all these that the searcher 
for oil gives his attention. Although 


the surface indications show the pres- 
ence of oil, close geological study is 
necessary to determine just how and in 
what connection the oil occurs, so that 
it ean be traced from these surface 
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deposits to the hidden pools which yield 
the principal supplies. The geologist 
also uses the knowledge he gains from 
such study to find other and similar 
pools where there are no such surface 
indications, and sometimes hundreds of 
miles from the original locality of his 
work. At present, too, it is the geologist 
who really directs the drilling and who, 
through recently improved methods of 
research, is able to say exactly in what 
beds the oils of different localities oceur 
and to advise the driller as he passes 
through the overlying beds just exactly 
where he is, how these beds are related 
to the oil and how soon the oil will be 
struck. 

It may be of interest to tell how such 
an extraordinary thing is possible that 
we can recognize a bed of clay or sand 
or rock from a mere handful of frag 
ments brought up by the drill from 
thousands of feet 
when similar beds may not be found on 
the surface for a distance of many miles. 
In regions where the harder rocks pre- 
vail, such as limestones and sandstones, 
it is possible to recognize some of them 
by their composition, color or texture, 
or by such fragmentary fossils as they 
may contain; but in our Gulf region, 
where the materials are uncompacted 
clays and sands and fossils are very 
searce, this was practically impossible 
until I devised and put in operation an 
entirely new method of examination 
about five years ago. 

The most of the sands and clays 
which we encounter in this region were 
deposited in the salt and brackish waters 
of ocean, gulf or bay. In all such waters 
there is usually a wealth of living forms 
of very minute organisms, which we 
know as foraminifera. These foraminif- 
era, although too small to be seen 
clearly by the naked eye, have tests or 
shells which on the death of the organ- 
ism fall to the bottom and are buried in 
the deposits of silt or clay or sand 
brought out by the rivers from the land. 
These organisms are as varied as those 


below the surface 


044 


of the mollusean kingdom and like them 
differ for each separate geologic horizon. 
In fact, each species and variety has its 
own peculiar shell, many of which are 
most beautifully marked. All these 
characteristics are clearly distinguish- 
able under microscopic study. 

My idea was that these minute shells 
might aid us in our studies of oil geol- 
ogy. I therefore at once had collections 
made from the outcrops of typical mate- 
rials of all the beds of our region and 
had these studied for their fossils and 
foraminifera in connection with material 
from wells we were then drilling. 

The process of handling the material 
is that it is first soaked and lixiviated 
until all the clay is washed out and 
nothing left but the sand and other 
minute mineral grains and the foraminif- 
era. The forams are then separated by 
examination under good microscopes. 
A study of them and comparison with 


type collections tell exactly what beds 


they come from. In this way it is pos- 
sible while drilling an oil well to keep 
an exact log of the different horizons 
through which the drill is passing, even 
though many thousands of feet below 
the surface of the earth. Hence there 
has been demonstrated the remarkable 
fact that a geological study can tell with 
certainty exactly when oil is to be 
struck. In fact, this method has been a 
most successful one in the drilling of 
wells along the Gulf coast, Texas, 
Louisiana and Mexico. 

To-day also the geologist has the 
advantage of certain forms of physical 
apparatus which are of vast assistance 
in the search for oil in certain districts: 
the torsion balance, which measures the 
difference in gravitational effects of the 
underground beds; the seismograph, 
which measures the differences in the 
rate of transmission of shocks from ex- 
plosions of dynamite through the beds, 
and the magnetometer, which measures 
the speed of electrical transmissions 
through them. By the use of these in- 
struments, unsuspected domes and oil 
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pools are being discovered in low-lying 
perfectly flat portions of the Gulf coas: 

As opposed to the slow but perfected 
methods of the geologist, we have the 
rapid work of the wigglestick artis: 
Those gifted men who, with instruments 
varying from a simple forked stick 
green peach, apple or willow to mor 
complicated forms of apparatus of th 
own invention, are able, as they believe 
to predict the presence of oil and als 
to give the exact depths at which 
drill will reach it. Strange to say, how- 
ever, their boasted skill seldom yields 
them the rich returns which should com: 
from successful predictions of this kind 

I have only known of two real su 
cesses by wigglestick artists. On: 
these men succeeded because oil really 
underlay the whole tract on which 
was operating and any well put down 
would have reached it. He made a for- 
tune out of his first venture, but alas, 
spent much of it in vain attempts to find 
oil on other properties where his instru- 
ment always predicted it—but the oi 
perversely refused to be discovered. 

This man, a burly doctor, had for his 
partner a very small man weighing lit- 
tle, if any, over a hundred pounds 
After their initial success on the Humbl: 
dome they first leased and then bought 
a league of land (four thousand acres 
lying east of the dome because their 
wigglestick indicated oil at places on the 
tract. They sunk part of the mone) 
already made trying to get oil on the 
league but without success, and finally 
they deserted it for pastures new. Later 
they subdivided the league and leased it 
to other oil companies. On one of these 
leases, which was not specially favored 
by the wigglestick, Cullinan brought in 
a well which produced a million barrels 
of oil in ninety days. This gigantic wel! 
naturally caused others to drill, with the 
result that the royalties made the orig- 
inal owners very wealthy. Of course, all 
the credit for the huge success was given 
to the wigglestick. 











came to a 


other 
Frenchman whose apparatus seems to 


The success poor 
have had some real merit in that he 
actually did foretell in three or four 
wells not only the depths but the charac- 
ter of the oil which would be found. 
One of the owners kept me advised dur- 
ing the drilling and was very positive 
that this was true. Unfortunately for 
the Frenchman, he was working without 
a written agreement. The owners took 
advantage of this and refused absolutely 
to give him any interest in his discov- 
eries or to pay him for his work, which 
proved to be worth millions to them. He 
died of a broken heart. A twenty-seven 
story office building erected in the south 
by the widow of one of those he made 
rich is in reality a monument to the 
Frenchman! 

Still another method of finding oil is 
the hunch. One of our luckiest 
tors told me this tale of how he located 
one of the famous fields of north Texas. 
He said he felt a hunch that there must 
be oil west of Fort Worth and just south 
of Red River, so he and his brother with 
one or two others started to look for it. 


opera- 


They traveled westward for several 
days examining the country, and finally 
not having seen anything that suited 
their fancy, they started back. That 


evening as it was getting dark a black 
eat crossed the road just in front of 
them. ‘‘There,’’ cried my friend, 
‘there is my oil field.’’ 

They marked the place, went on into 
the nearest town for the night, and next 
day went back and made their leases 
and soon brought in a field that after 
many years is still producing. 

But how about the thousands of other 
hunches that did not pan out? 

And then some of our good friends 
were always so anxious to help us in the 
finding of oil! One man brought us 
word of a well that had been drilled on 
the west coast of Mexico, saying he had 
been there and had seen the oil. I 


started a man from San Francisco by 
steamer for the nearest Mexican port. 
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From there he had to take a sailboat 
down the coast and go inland by mul 
train. He found the 

but somehow the oil did not look exact! 
right to him. So he few days 
searching the hills and finally ran upon 
a lot of tin cans that had held lubricat- 
ing oil, and so solved the origin of the 
oil in that well. 

Another report ol an exes lent oil 
was brought us by one who had 
found it on the banks of a ereek 
of Spindle Top. I sent out to examine 
it at once. My assistant found it easil) 
and it was a real sipe of good oil, 
could not see exactly wl \ there cor 


well and the oil 
y 


spent a 


some 


north 


a sipe at that particular place, so he con 
cluded to do a little digging. He did 
not get on very found a 
small pipe, and following the pipe he 
found a barrel of real Spindle Top oil 
buried in the ereek bank high enough 
to let the oil flow slowly to the wonder 
Many such 


] 
| 
‘ 


far before he 


ful sipe—and that was that. 
plants have been carefully and « 
ately arranged with a 
enhanced oil values to ordinary farm 
lands. 

As I have stated, several of the ¢ 
oil fields of California, Texas, Oklahoma 


{ liber 


view to giving 


and Mexico actually discovered them- 
selves. In California the asphalt depos 
its of Rancho La Brea, near I 
Angeles, itself a marvelous graveyard 
of prehistoric animals and birds, the 
extensive asphaltic sand beds of Ven 
tura and other coastal countries, the 


asphalt beds and oil and gas sipes ex 
tending up the San Joaquin valley from 
Sunset and McKittrick to Coalinga, al! 
proved the existence of oil before we 
ever began to drill for it. We knew for 
certain that the oil was there somewhere, 
and our work was to find just where it 
was and how it occurred. It was my 
great pleasure to have done this most 
successfully for the San Joaquin Valley 
region where the bulk of the 
Southern Pacific lands were located and 
to have been one of the principal! instru- 
ments in this development. My work 


great 
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and that of my assistants outlined and 
developed much of the oil-bearing terri- 
tory which is now pouring out its 
streams of black gold in the 
Angeles district and around Ventura. 
In fact, it was the possibilities of this 
area, as I presented them to Mr. Harri- 
man in the year 1903, that caused the 
conversion of all Southern Pacific loco- 
motives from coal burners to oil burners. 
In Texas, the oil and gas sipes at Sour 
Lake, Saratoga, Batson and elsewhere 
were well known and attempts at utiliza- 
tion made many years before the oil 
boom. As early as the year 1892, drill- 
ing was in operation at Spindle Top in 
order to reach the oil believed to be 
there. As state geologist I cooperated 
with them and had an observer located 
at the well, which, however, could not 
be drilled deep enough because the 
method used, that of the old percussion 
drill, was not suitable. 
One Monday morning 


Los 


in January, 


1901, I reached El Paso on a trip from 


San Francisco to Houston. The morn- 
ing papers were ablaze with the news of 
a great oil well brought in the day be- 
fore at Spindle Top. Trains were slow 
in those days and it was Tuesday night 
before I reached Houston. Early 
Wednesday morning I was at Spindle 
Top to see the wonder of the world—as 
it was then thought to be. It really was 
a remarkably great well and marked the 
beginning of an epoch in the history of 
the Gulf coast and of Oklahoma. Cap- 
tain Lucas, by the use of the rotary 
system of well-drilling, had succeeded 
where the previous operators had 
failed. 

A scramble for wealth was started that 
was unequaled even by the great rushes 
of the Pacific slope. 

In Oklahoma, I had called attention to 
the asphalt deposits near Ardmore as 
early as 1894 and had made an effort to 
secure their development. Others had 
pointed to similar deposits elsewhere in 
the territory (as it was then). Asa nat- 
ural result, the later successful exploita- 
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tion of the Texas fields brought their 
development also. 

In 1888, my assistant and friend. \) 
Josiah Owen, one of the most compet 
geologists I have ever known, made a t 
into the Tampico region to examine { 
asphalt lakes of Mexico. Ten years | 
I made a strong effort to induce M 
Huntington to look into the matte: 
develop the oil, but he thought the de; 
its were too far from his railroad li; 
to interest him. Not long after, Mr 
Doheny went to Ebano and found so: 
heavy oil. In 1907 or 1908, Mr. Har 
man wired me to look into it and we d 
so. The result of our work and that 
other companies who followed us, influ 
enced in part at least by our action, di 
veloped phenomenal fields in that reg 
and produced one well which as nearl: 
as could be measured yielded oil at t 
rate of 265,000 barrels daily, so far as | 
am informed the very largest yield in t! 
world’s history. 

Now it must be remembered that 
this great pioneering work was done, a: 
all these thousands and thousands « 
miles were traveled, before there wer 
any automobiles, and when, outside 
the railroads, which had a way of going 
anywhere but where we wanted to go, wi 
had to depend on horses and wagons 
when fifty miles a day was an outsid 
limit and thirty-five a fine average. And 
yet even this had its great advantages 
and we certainly did closer work than 
our automobile partners do nowadays 
One of the best observers in South Texas 
said to me a few days after a new 
dome had been diseovered—at least it 
was new to them though not to me: 
‘You early workers certainly had th 
advantage over us in travelling by 
wagon. I have gone over that dome a 
hundred times at thirty-five miles a 
hour and never suspected it—while had 
I gone in a wagon I see now I could not 
have failed to know it was a dome.’’ So 
our slow locomotion was not so bad after 
all. 
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When I went to California in 1899, the 
city oil field in Los Angeles was well de- 
veloped, there were a number of wells at 
MeKittrick and others between Los An- 
geles and Santa Barbara, but the total 
production was rather limited. Outside 
a publication or two by the state miner- 
ilogist, there was very little information 
regarding the oil geology, and neither 
then nor for many years afterward did 
any company except the Southern Paci- 
fie pay any real attention to this side of 
the business. 

My idea was that geology should be 
made the basis of all real oil develop- 
ment, and in organizing the work in 
California I always planned with that 
end in view. The geological method 
proved to be a great success from the 
very start and while the history of the 
opening up and development of its oil 
lands by the Southern Pacific had noth- 
ing of the spectacular about it we made a 
steady advance and the results to the 
Southern Pacific ran into hundreds of 
millions of dollars. This great financial 
success, which was clearly the result of 
our geological work, caused geological 
methods to be used by more and more oil 
companies until to-day the geologist is 
an absolute necessity with all of them. 
And this result is equally true in all the 
more recent fields. 

Along the Gulf coast on the contrary, 
we were anything but quiet. At times, 
it was more like a stampede. Wells 
were drilled at any old place, with or 
without reason, and sometimes, even 
when there was no apparent reason, they 
found oil—wildeats of the wildest breed 
—and whenever there was a sign of oil, 
land prices soared and people fell all 
over themselves trying to purchase or 
lease. Companies were formed and stock 
sold broadeast over the United States on 
any basis or no basis. On Spindle Top, 
lots twenty by twenty were sold at $2,000 
each and upward, a total of over $200,- 
000 per acre. Needless to say many of 
these never paid for themselves, although 
others were cheap at the price. We had 


one or two of these. The difference was 
not in the actual oil value of the ground, 
but in handling it so as to get your share 
of the value as soon as possible. It was 
Neverthe- 
less, to have gone through it and to have 
experienced the exhilaration and tinglk 
of excitement, to have breathed the air 
surcharged with the gambling urge, to 
have seen the really great deeds that 


a great and mad scramble. 


were done, to have known the men who 
did them and at the same time to have 
been an integral part of it all, was to 
have really lived. 

The Spindle Top field had a total area 
of only four hundred acres, yet on this 
small area there were thousands of wells 
drilled, and it has produced more than 
While it 
was commonly spoken of as ‘‘the hill,”’ 
the rise from the surrounding level prai 
ries was so slight that it was searcely to 


seventy million barrels of oil. 


be noticed by an ordinary observer, and 
during its early development it was fre 
quently surrounded by seas of mud, 
which at times were all but impassable 
In fact, this was the case with many of 
the coastal oil fields—the finding of a 
new field seemed to be the signal for reg- 
ular downpours of rain with the result 
that the wagons and teams stirred the 
stiff black prairie soil into regular quag- 
mires. 

The early production at Spindle Top 
was so great and the sale so restricted 
that the price fell to as low as five and 
six cents a barrel. With oil at this 
price, it was not considered such a venial 
sin to appropriate some of what was 
really your neighbor’s. The oil flowed 
from the wells into pits and was pumped 
from them through pipe lines into large 
steel tanks located at some distance from 
the field. One morning going over on 
the train one of the large operators told 
me in great glee, ‘‘Do you know I have 
cut in on Higgins’ pipe line and every 
time he pumps to his tanks he pumps 
part of his oil to mine.’’ And this was 
by no means an exceptional occurrence. 
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Later when oil became more valuable 
the scene was changed and I remember 
we sat up two nights with shotguns wait- 
ing for the man who had cut in on one of 
our lines to come and turn the valve. He 
did not come—so we broke the connec- 
tion and let it go at that. 

As time went on and wells multiplied 
at Spindle Top the derricks in some 
parts of the field were so thick that they 


actually touched. And then came sweep- 


ing fires which wiped them out by the 


seore ! 

Then also came the deadly gas which 
killed numbers of workmen and blinded 
many of the others totally or tempora- 
rily. I remember one night the gas from 
one of the wells in the Batson field killed 
all the men who were sleeping in a bunk 
house nearly half a mile away—and two 
or three days later when I had oceasion 
to go that way, my companion and I, 
although we thought we were giving it 
wide enough berth, both had our eyes 
affected by it. Fortunately this gas only 
occurred in two or three fields and grad- 
ually died out in them. 

As the supply of oil decreased at Spin- 
dle Top it ceased to gush or flow natu- 
rally so it had to be pumped and as the 
months sped by the production grew 
gradually less until finally salt-water be- 
gan to make its appearance and one by 
one the wells were abandoned and the 
field was turned over to small operators 
or strippers. In this brief story of Spin- 
dle Top, I have given you the story of 
all oil fields. They come in with a rush, 
rise to their culmination and then de- 
cline and are finally flooded with salt- 
water. 

When the salt-water first came into 
the Spindle Top wells in quantity some 
of the folks insisted that the Standard 
Oil Company were pumping it in from 
the gulf in order to destroy the field. It 
gradually destroyed the field all right, 
but the sin was one from which the 
Standard Oil Company could claim im- 
munity. 
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The history of Spindle Top yw 
peated in field after field on the ¢ 
region of Texas and as the suppl) 
decreased there, attention was direct 
Oklahoma and north Texas wh 
similar experiences with great yields 
oil as the years passed one by on 

Thus the game has gone on in 
region for twenty-five years, new 
taking the place of old, new play 
chipping in in place of those who 
dropped out, colossal fortunes 
made and lost. From present appea: 
ances this game is likely to continu 
full lifetime yet. And there are aly 
other fields! Do you wonder it has 
devotees ? 

The principal holding of the Sout] 
Pacific Company in south Texas was th 
Saratoga field in the heart of the B 
Thicket, twelve miles north of 
Lake, from which point we had to d: 
by team. When we first took over t 
property, there were a number of nesters 
or squatters on it who made their li 
raising razorback hogs and hunting t 
deer and bear that were so plentiful 
the thicket. They notified us 
that if we attempted to develop th: 
erty our rigs would be burned and 
would be worried in every possible wa: 
For years I had had as my assistant P: 
fessor Cummins, a Methodist pre: 
ealled him 


at ones 


and a good geologist. I 
and told him I was making him manager 
of the Saratoga field and that his job 
was primarily to get rid of all the nesters 
in a friendly way and see that we had 1 
trouble with them. Within a 
months every one had either moved awa} 


f +h y 
til 


or was working for us and some of 
children are still in our employ. 
When we bought the property ther 
were two or three lots on the inside w: 
could not get possession of. A litt! 
later a noted gunman who lived at K: 
rentz, some twelve miles east, let it b 
known that he was going to put up 
saloon on one of these lots if he had t 
do it at the end of his gun. Finally he 























ame to Saratoga, and when Professor 
Cummins heard of his arrival he hunted 

im up. After introductions Professor 
Cummins said to him: ‘‘I understand 
that you have made your boast that you 
ire going to put a saloon here if you have 
to do it at the end of a gun. Now I 
want to warn you that if you attempt 
anything of the kind, you want to be 
mighty sure of which end of the gun you 
are at.’’ The professor was an old In- 
dian fighter among his many side lines, 
and I suppose his manner carried convic- 
tion as to his meaning. Anyway the 
man soon calmed down and told him that 
if he would consent to the saloon he 
would promise that it should never be 
rough house in any way. So it was put 
there and the man was the professor’s 
firm backer from that time on, so that 
onee during a strike when threats were 
made against Cummins the saloon owner 
buckled on his guns and sent the strik- 
ers word that it was his fight—and it 
stopped. 

One January day in the early history 
of the field the president of the company 
and I drove over to inspect the opera- 
tions. It began to rain in the afternoon, 
so we decided to spend the night at what 
was called a hotel. It transpired that 
there was only one vacant room and one 
bed, but it was that or nothing. When 
we finally got to bed we found it already 
abundantly tenanted and, as if that were 
not enough, the storm broke again with a 
play of lightning and thunder and a 
deluge of rain that contributed to the 
miseries of the night. 

Next morning we found that we could 
not get away until the creeks ran down. 
Our scouts said they would be al! right 
by eleven o’clock anyway, so we started 
out at that time with a cold norther blow- 
ing. When we came to the first creek, it 
looked pretty wide, but the driver said he 
could make it all right, although the 
water might come up into the carriage. 
So we took our grips out from under the 
seat and stood on the doors holding the 
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grips high enou: 


We got through very nicely. The horses 
had to swim a short way and we were 
wet to the knees, but congratulated our- 
selves on getting off so well We dried 


the carriage as well as we could, put our 
baggage back under the seat and started 
on our way. The next creek was n 
nearly so wide and looked all right, so we 
started bravely in. The 


| 


gave a lurch and a spring and before we 


horses suddenly 
eould eatch our breath we found our- 
selves still sitting on the seat but with 
the water of the creek up to our arm pits 

and cold! We still had six miles to 
drive to Sour Lake and nothing dry to 
put.on when we got there. However, thi 
hotel man gave us a big room and a big 
fire before which we basked au naturel 
while our garments and _ belongings 
dried. 

Such incidents as these were regarded 
as simply part of the game and added 
zest to its pursuit. 

There is, however, another side to th: 
oil game which is not so pleasant to tell 
about. As long as men are men the sue 
cessful man will be the mark of those less 
fortunate and greed is ever to the fore. 

My own experience is that of a sci 
tist and a manager of fairly large pro 
ducing companies which had only a lim 
ited sphere of operations. But this gave 
me full opportunity to see the bad side 
of the game. I have seen the bitter con 
tests of smaller companies, fighting for 
their lives, battered and held down by 
those of greater power who had or could 
control facilities without which other 
producers could not market their oil 
profitably. I have seen the employees of 
these larger companies use every means 
to prevent their competitors from com- 
pleting wells. I have had them actually 
pay drillers who were working on my 
wells to hold back my work until they 
eould complete their wells and so get the 
flush production, and also have had them, 
in the absence of our men, fill a well with 
junk so that we had to abandon it after 
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spending over twenty thousand dollars 
on it. I have seen great contests for con- 
trol between the greater companies in a 
field where most ruthless methods were 
at times employed—but of late years it 
has proved more profitable to use the 
merger and so we have had less of this. 
Still, strong-arm methods are not en- 
tirely wanting even now! 

What is true in our individual fields 
is just as true of the world at large. 
The control of the oil fields of Rumania, 
of Mosui in Turkey and Baku in Russia 
were undoubtedly large factors in the 
great world war. And these are figur- 
ing strongly to-day in the realignment 
of European polities. Thus the man- 
date for Iraq which was given to Great 
Britain covers the control of the Mosul 
oil field, and this was done over the pro- 
test of the Turks. 


Germany is striving for control of 


Baku and it is stated that she has con- 
tracts with the Soviet government which 
will help her acquire it, and Rumania is 
largely given over to outside control. 

To the uninformed there might not 
appear anything very wrong in this, but 
it must be remembered that for years 
before the war these various fields were 
in possession of and operated by private 
owners and that this new governmental 
control changes all this and practically 
cancels the original private rights in 
favor of those approved by later govern- 
ments. 

Our own present trouble with Mexico 
is largely because of the oil question and 
grows out of her effort to prevent the 
depletion of her oil fields by foreigners. 

It is true that many of us went into 
Mexico and acquired our lands and pro- 
duced and shipped our oil in strict 
accordance with the Mexican law. But 
there were many others who did not and 
some who even used their money to 
debauch the people and the courts in 
order to attain their ends. To illus- 
trate: In a trial for ownership of a cer- 
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tain tract of oil land, the 
Court awarded it to us and ordered +} 
local judge to put us in possession. Oy) 
opponent bought the local judge and py 
private guards on the property to pr 
vent our getting it. Later we got 
matter into the court again and }b 

a judge whose probity was acknowledee 
everywhere. On the trial we had 
law and evidence fully in our favor a) 
expected an immediate 
way. The decision, 
made until the following 
Strange to say, 
lawyer called on the judge and a 
his reasons. The judge pulled open |} 
desk and showed a big roll of mo: 
**My God! man,’’ he said, ‘‘what e! 
eould I do? They gave me 
pesos.’’ When this fact reached Mex 
City the judge was deposed and 
head of the company giving the brib 


Suprer 


decision 
however, wa 
day 


was against us 


was called before the president, who told 


him that too many reports had reach 
him of such practice by his compan) 
and that it had to stop, and that he must 
leave Mexico at once and not 
under penalty of immediate arrest. 

Many other ways were used to get 
around the Mexican laws and tl! 
actions of some of the companies wer 
notorious. The Mexican government 
seized this and similar wrongful acts 
perpetrated by or attributed to foreign 
oil companies as the basis for the claim 
that the country was being robbed by 
the foreigners. They then proceeded to 
enact laws ostensibly to correct these 
evils, but which in reality seem to b 
intended as confiscatory and to force 
the foreigner to turn his properties over 
to Mexicans or the Mexican government. 

All the world over, therefore, oil is a 
game, a very great and at times a high!) 
remunerative game, but, I am sorry to 
say, it is not always played fairly eithe: 
by the individuals, the corporations 0) 
the governments. 


retult 
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FEW welfare 
have caused such widespread discussion 
as that of the control of crime. But 
probably no question of equal impor- 
tance has developed more confusion of 
thought and action. Positive statements 
from all quarters of public interest 
leave the ordinary citizen in utter un- 
certainty regarding the most effective 
measures to be taken toward wiping out 
what has widely been termed ‘‘our na- 
tional disgrace.’’ Most of the alarmists 
recognize only specific causes of crime 


questions of national 


and ingenuously advocate panacea meth- 
ods of prevention. But the real diffi- 
culty, and yet the one which seems least 
often emphasized, is that crime is caused 
by an intricate complex of related in- 
fluences and that the control of crime 
requires intelligent cooperative effort. 

Thus some find the of crime 
in the automobile, the the 
dime novel, the dance hall, the broken 
home, the un-Americanized foreign- 
born. Others believe the 
farther back, in the ‘‘ fence,’ 
eialized vice, the master-mind, the 
“*higher-up,’’ official corruption, and 
such. Still others claim that crime 
caused by human in the 
criminals themselves, feeble- 
mindedness, insanity, warped personal- 
ity, uncontrolled appetites, and the like. 
Likewise inadequate law enforcement, 
obsolete criminal laws, weak administra- 
tion of criminal justice, loopholes in ju- 
dicial procedures, abuses of judicial dis- 
eretion, unrestricted release of habitual 
criminals after perfunctory sentences 
impress many observers as responsible 
for widespread criminality. 

There can be no doubt that all these 


cause 


**movies,’”’ 


cause lies 


commer- 


is 
weaknesses 


such as 


AT 
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and similar influences are potent causes 
But 


do they operate in 
specific instances? 


of erime. how 
The public is seri 
ously uninformed if it still believes in 
Lombroso’s ‘‘criminal man’”’ a 
totype for all In 


and prisons of to-day we see 


as 


pro 
criminals the jails 
plenty of 
‘instinetive 


human frailty but not many 


Likewise tl} 


7 " . 
Cirle I 


eriminals.’’ public, lay o 
professional, is curiously naive when it 
accepts such simple social explanations 
of crime as are specific to our day and 
Was crime before had 
Did the automobile 


crime as a new social phenomenon or did 


age. less we 


movies ? produce 
it merely give crime a new modus ope) 
andi? Was there no robbery before the 
‘*fence’’ was built up or is the ‘‘ fence’ 
for robb 


Crime has always 


merely a new organization 
barons and poachers? 
the 


Official corruption 


looser forms of 


attended public 


Is as old 


recreation. 


as officialdom. Poverty, vice, personal 


excesses, prodigal sons, wayward daugh 


Public 


ters are all as old as history 
indifference is as old as society 
It a that 
erime requires both a person and a situa- 
tion. 
human nature does not change, although 


is social axiom a specific 


It is a psychological axiom that 
new environments may bring new forms 


Appetite, 
cupidity, 


of self-expression. passion, 
ambition, 
lence, emotional instability, weakness o 
intellect and of of the 
human traits which, acting always im 


dishonesty, indo 


¢ 


will are some 
combination with such social situations 
as arise from poverty, oppression, illicit 
association, unwholesome recreation, in 
adequate protection, display, license, 
corruption and indifference, produce 
specific criminal acts. The potentially 
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criminal person and the potentially 


criminal situation each requires the 
other before crime can occur. The 
nature of the crime depends somewhat 
on both. In some degree this combina- 
tion of human and social circumstances 
is fortuitous. In general, the criminally 
inclined person capitalizes his criminal 
opportunities and the upright citizen 
avoids temptation. But just as there are 
many degrees of criminals, from the 
short-weight grocer to the embezzler, so 
there are many degrees of criminal op- 
portunity from the untested scales to the 
careless handling of the bank’s millions. 

When we accept these elementary 
principles we shall be on a new road to 
intelligent thought in this matter of 
erime prevention. Our present classifi- 
cations of crime are based on the social 
acts themselves—murder, arson, rape, 
robbery, assault, fraud, and so on 
through the list. We are only recently 
developing any adequate classification of 
criminals, as casual or habitual, normal 
or subnormal, stable or unstable, sane or 
insane. The human disposition of the 
individual is the predisposing factor, 
and the social situation is the precipitat- 
ing factor in determining the specific 
character of the criminal act. Both are 
essential in studying the causes of crime 
and the consequent methods of preven- 
tion. 

It ought not to be necessary to call 
attention to the large body of authentic 
literature dealing with crime from a 
technical and professional point of view 
involving all the relationships such as 
have been mentioned. Even a casual 
review of such publications as are con- 
tained in the Modern Criminal Science 
Series’ is sufficient to give such a funda- 
mental orientation. The most modern 
scientific theory of crime is that of Ferri 

1 Published under the auspices of the Amer- 


ican Institute of Criminal Law and Criminol- 
ogy, Little, Brown & Co., Boston. 


and is more than fifty years old 
states that: 

Crime is the result of manifold causes. w! 
although found always linked into an 
network, can be detected, however, by 
of careful study. 

And further he says: 

Crime is a phenomenon of complex 
and the result of biological, physic: 
social conditions. Certainly, the don 
fluence of this or that factor detern 
biosociologic variety of the criminal, 
is no doubt that every crime and eve 
is always the product of the simultaneor 
of biological, physical and social condit 

More than fifty years ago the comp); 
causes of crimes and the methods of th 
prevention were embodied in a decla) 
tion of principles promulgated by t 
American Prison Association. In 
meantime a general sentiment has dey 
oped throughout the country that crin 
is on the increase, and this has creat: 
an insistent demand for more defini 
and more cooperative action. Various 
crime commissions and a number of loc 
conferences have suggested programs o! 
action. 

In formulating such a program, de- 
signed to promote the cooperation of al! 
agencies interested in the reduction of 
crime, it is obvious that since crime i 
the result of the interaction of men to 
their environment, and since the causes 
for those acts which we call criminal are 
found both in the individual and in his 
environment, therefore no program of 
crime prevention can be considered ade- 
quate which does not include a compre- 
hensive consideration of human charac- 
teristics and social forces as they react 
upon each other. 

Such a preliminary analysis of the 
situation reveals at least seven major 
groups of conditions within which most 
of the influences related to crime can be 
encompassed. The enumeration of these 
influences, with some illustrative detail, 


2 Italics ours. 
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nstitutes in itself a suggestive program 
for cooperative action. The need for 
further detail on each of these influences 
will be obvious. 

1) Statistics. The 
n the reduction of crime is largely due 
to the popular belief that crime is on 
the inerease. This belief is no doubt 
aused by the large number of sensa- 
tional crimes and the widespread dra- 
which attends them. 


current interest 


matic publicity 


population 


Certainly the increases in 
and in complexity of economic and social 


rganization might be expected to pro- 
duce an increase in crime in spite of 
reasonably successful efforts toward 
crime prevention. Certainly also the 
improved facilities for news gathering 
and publication give the public a much 
wider knowledge of the seriousness of 
‘rime as a national menace. But what 
are the facts? Is crime actually on the 
increase? Are there significant changes 
in the relative frequencies of the differ- 
ent types of crime? Are there signifi- 
cant differences from a statistical point 
of view in the nature of crime and crimi- 
nals? Are the available statistics re- 
liable? Are they comparable? In other 
words, what are the basic facts regard- 
ing the present crime situation as to 
such items as: crimes actually commit- 
ted, criminals apprehended, convictions 
secured, punishments meted out and 
criminals rehabilitated. Do criminals 
actually graduate from the streets to the 
gang, from the gang to the jail, from the 
jail to the reformatory, from the reform- 
atory to the prison, and from the 
prison to a life of habitual criminality? 
What do we know statistically about 
recidivism? Obviously, any intelligent 
analysis of crime prevention must be 
founded upon accurate knowledge of the 
actual facts in order that we may 
‘“‘apply the oil to where the squeak is.’’ 
At present most public statements can 
not be substantiated by reliable figures, 


for the statistical data are hopelessly in- 
complete and incomparable 

(2) Predisposing conditions Crime 
obviously arises initially through a num- 
ber of predisposing conditions, material, 
environmental and individual. In cer- 
tain more or less fortuit 
produce 
and reduce potential criminals to overt 
Among predisposing 
may be 


such de- 
tails as unsegregated mental defectives, 


ous combination 


these precipitating influences 


offenders. these 
influences mentioned 
unprotected minors, bad housing condi 
tions, inadequate publie health super- 
vision, uncontrolled liquor 
traffic, inadequate supervision of publie 
halls, road 
houses, night clubs), broken homes, low 


and 


drug 


recreations (movies, dance 
social standards, poverty and economic 
handicap, extravagant taste, unreason- 
able ambition, and such others as are 
epitomized in the time-worn expression 
What do we 
know and what can we do about all these 


‘*wine, women and song.’’ 


conditions as causes of crime? 
Opportunity for crime. Some 
these 


influences 


(3) 
what analogous to 
conditions those 
create precipitating conditions. Garo 
falo calls this the opportunity for crime. 
There are ‘‘natural’’ 
from instinctive or 
and ‘‘artificial’’ 
social institutions or 
There 
tity, against honor, against the person, 
against property and modern 
laws. We may mention such details as 
inadequate protection of person or prop- 
erty, provoking or 
valuable or personal effects, abuses of in- 
surance and bonding, careless trust of 
strangers, advantages taken of political 
There 


predisposing 


are which 


crimes arising 


emotional 


causes 


‘ 


crimes from 


arising 
political condi- 


tions. are crimes against chas- 


against 


careless display of 


power or of business conditions. 
is also much ignorance and disregard of 
laws making possible even unintentional 
misdemeanors or felonies. 


(4) Criminal law. Many authorities 
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believe that the continuance of obsolete 
laws or of indefinite laws or of unpopu- 
lar laws creates situations which engen- 
der disrespect for laws in general with 
consequent social disorder. There is 
also much antiquated legislation which 
obstructs police and court procedures, 
such as rules of evidence, technicalities, 
systems of appeal, unequal or unreason- 
able penalties which aggravate rather 
than ameliorate the control of crime. 
Other laws may be ineffectual, non- 
existent or subject to abuse, such as 
those providing for adequate systems of 
probation, pardon and parole, indetermi- 
nate restitution following 
criminal offenses, control of the criminal 
**fence,’’ control of habitual criminals, 
control of deadly weapons and similar 
items. We must reckon with existing 
abuses in the and control of 
juries and in the whole machinery of 
our judicial system, such as rules gov- 
erning expert testimony, loopholes in 
prosecution, judicial discretion in sen- 
tence, probation, place of commitment, 
fines vs, imprisonment, 
through a long chapter. In this whole 
group of influences we are concerned 
especially with the administration of 
criminal justice and the need for honest 
and courageous application of such legal 
procedures as do exist and might be 
more effectively employed. 

(5) Law enforcement. Under this 
heading are those influences relating to 
the speedy apprehension of criminals, 
including adequate policing, vigorous 
pursuit and detection of criminals, meth- 
ods of criminal identification, coopera- 
tion of detection and policing agencies 
as between cities, counties and states, the 
centralization of policing authority and 
methods for the exchange of criminal 
information. If there is one thing we 
are sure of in experience it is the fact 
that speed and certainty of punishment 
and not severity are the greatest deter- 
rents to crime. 


sentence, 


selection 


and so on 
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(6) Punishment and correction. Th; 
group of influences relates to problen 
in the administration of penal instit 
tions and methods of preparing prison 
ers for release, such as 
conditions in jails and in penal an. 
reformatory institutions, sanitary ¢ 
ditions, systems for the intelligent class 
fication of prisoners according to menta! 
physical and social tendencies, facilities 
for correctional treatment med 
moral, industrial and educational 
lowing such classification, industrial e 
ployment and training of prisoners, 
provision for self-government, methods 
of release and so on. Great 
has recently been made in control 
this group of factors. 

(7) Rehabilitation of offenders. This 
group includes problems of 
and parole, including methods of det 
mining suitability for release, means { 
restoring released offenders to sow 
industrial and social standing, adequ 
correlation between the penal instituti 
and the community, adequate systems 
of probation and parole supervision, a: 
so on. The more widespread use 
scientific methods in studying the in 
vidual convict before release is on 
the most significant advances in mod: 
penology. 

It is obvious that at least these mar 
fold factors must be studied in furt! 
detail with reference to their interrela 
tionships before we can successfully con 
trol crime in this country. Vigorous 
effort can accomplish something in an) 
or all of the above divisions and we must 
not relinquish our endeavors to advance: 
each portion of the above program sepa 
rately as well as coordinately. But it 


disciplinar . 


progress 


prob il 


takes little imagination to see the need 
for immediate national coordination o! 
all the many agencies dealing with the 
problem all along the line, from th 
initial social situation which predisposes 
individuals toward crime through al! 
the many steps prior to the successfu! 
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whabilitation of convicted offenders. 
To promote this coordination it will be 
necessary to harmonize the numerous 
influences involved, urging each inter- 
ested group to carry its own responsibil- 
ity into action rather than to point to 
the breakdown of other agencies con- 
cerned and also to cooperate fully with 
such agencies. Our principal need is an 
intelligent program of prevention. But 
for crimes that can not be prevented a 
program of correctional treatment is 
qually important. 

The practicability of such cooperation 
is effectively witnessed by the recent con- 
ference called at Washington by the Na- 
tional Crime Commission, which success- 
fully brought together a large number 
of interests from the above-mentioned 
fields and undoubtedly promoted a much 
more intelligent understanding of the 
many problems involved as well as a 
larger and more vigorous national inter- 
est in the whole question. 

How may increased coordination of 
effort be brought about? How ean the 
numerous agencies concerned with the 
control of crime support each other and 
at the same time increase the success of 
their own efforts in their special fields 
of endeavor? Obviously such coopera- 
tion requires some central correlation. 
We need publicity, official support and 
leadership, and these must be imagina- 
tive, vigorous and sincere of purpose. 
Such cooperation must be both local and 
national, for the character of crime 
varies with geographical and _ political 
conditions. 

At present this centralization of effort 
can best be promoted through the vari- 
ous erime commissions, municipal, state 
and national. These commissions are or 
should be conversant with local and gen- 
eral situations. Composed as they are 
of men of affairs and influence, they are 
in an excellent position to serve as rally- 
ing points for the promotion of such a 


DD 


program as might be subscribed to by all 


concerned. But while these crime com- 
missions might be expected to advocate 
the most effective methods of crime pre- 
vention, they at present seldom do so 
because as now composed they do not 
represent all the interests vitally con- 
To offset this 


these commissions might 


cerned with the problem. 
serious defect 
be enlarged by the appointment of out 
the 
crime 


from all 
with 


standing representatives 

major interests concerned 
prevention. Or the crime commissions 
as at present constituted should appoint 
advisory committees of representatives 
from each of the seven fields of interest 
cited above. These committees acting as 
advisory groups to the crime commis 
sions could then be instructed by their 
respective commissions to formulate pro- 
grams which the 
adopt with a reasonable 
practical The 
could then utilize the various legislative, 


commissions could 
prospect ot 
success. commissions 
administration, business, social and tech- 
nical resources of the country in a con 
certed attack on the Then 
these crime commissions instead of 


problem. 


advocating programs obviously narrow, 
unimaginative or could 
promote a program of unified intelligent 
action supported by the best publie and 


uninformed 


professional thought on the subject and 
could promote a widespread campaign 
of publicity designed to stir up that in- 
terest on the part of the general public 
without which no program can be car 
ried into action. 

These various crime commissions with 
an adequate program based on technical 
advice should then be developed as clear- 
ing-houses and as research centers for 
the collection and dissemination of in- 
formation and factual material. These 
clearing-houses by promoting a demand 
for information relating to criminal 
statistics, the administration of justice, 
the conduct of correctional institutions, 
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methods of community protection, and 
the like, would have a wholesome effect 
at once in bringing to a higher level of 
efficiency the already organized publie 
and private efforts for crime prevention 
and control. These crime commissions, 
through fact-finding agencies, and even 
perhaps with their own research person- 
nel, could analyze and correlate the mul- 
tiple influences tending toward the pro- 
duction of crime and could evaluate the 


of various efforts toward the 
reducti “iminals. 
Finally, w. we insist that crime 


results from ‘he interaction of men to 
their environmet, there is already a 
preponderance of e-idence which shows 
that the criminal persen is much more 
important than the eriminal situation. 
We have been a ! time learning that 
the individu?’ .s to create his own 
environr: .aer more than he is cre- 


THE SCIENTIFIC MONTHLY 


ated by it. 
tively permanent, although the fo 
their 


Biological forees are 
social expression is extr 
This in itself tends to 
man’s control of his environment. 


variable. 


selects and modifies the conditions 

which he carries on his existence. (e, 
tainly the scientific study of the eriy j 
himself is to-day the most tangible means J 
of dealing with the prevention of eri; ‘ 
This is evident in the fact . 
social 


that most 
intended to r 
crime is directed more toward the hum 
than toward the 


legislation 


factor social fa 
Since Lombroso, and more particu! 
since the recent advances in the s 
sciences, we have a new weapon in d 
ing with criminals which if effect 
used would give us instead of h 
whip-hand in reducing this menac 
our social welfare. 
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In the movies the policeman’s daugh- 
ter marries the banker’s son and—we 
are led to infer—live happily ever after. 
This happens so seldom in real life that 
the plot is always entertaining, and as 
citizens of a thoroughgoing democracy, 
where every individual is as good as 
every other, if he prove it, we 
applaud enthusiastically. This enthusi- 
asm may be entirely absent in the rare 
event occurring in the banker’s own 
family, but even in their disapproval 
most people feel somewhat apologetic, 
as if this attitude were contrary to a 
worthy ideal which should be every- 
where upheld. 

This way of thinking is founded in 
part upon the customary rule that 
people having opposite characters should 
marry: tall with short, fat with lean, 
blond with brunette, stolid with viva- 
cious. While we are told that the bring- 
ing together of dissimilarity in physical 
characters and in temperament are con- 
ducive to conjugal happiness, let us see 
what people actually do in this respect. 

In the biological journal of statistics, 
Biometrika, there is an article by Pro- 
fessors Pearson and Lee which gives the 
results of their studies in England on 
the similarity of married couples with 
regard to such easily measurable char- 
acters as height, span of arms, length 
of forearm, color of eyes and longevity. 
Surprising as it may be, they found that 
husband and wife are more alike, even 
in these less important qualities, than 
first cousins. The size measurements 
were made upon the parents of college 
students from widely separated districts, 
and the results are considered not to be 


can 


1The data upon which this article is based 
are given in ‘‘Selective Fertilization’’ in the 
University of Chicago Science Series published 
by the University of Chicago Press, 1928. 


LIKE FATHER LIKE SON-IN-LAW’ 


By Dr. DONALD F. JONES 


ICULTURAL EXPERIME)? 








S occurring 


affected unduly by marriag 
within different local races which might 
show an apparent correlation when no 
actually existed 
This opportunity 
carefully ruled out in their investigation 
of longevity. In this study the ages 
were taken from tombstones in two rural 
people belonged 
and 


Data were 


for error was also 


communities where the 
to the 
moved from the community. 
also taken from the very complete ree 
ords of the Society of Friends. There 


same racial stocks seldom 


is a tendency, which was fully recog 
nized, for the husband and 
buried in different localities when their 
deaths occurred at widely separated in 
tervals, and for that reason the larger 
included in th 

} 


wife to b 


differences would not be e 
This was borne out by the 


tabulation. 
figures obtained from a London cemetery 


which showed a much closer agreement 
in age at death than from the rural com 
munities. Undoubtedly the 
include the 
responsible for this. 


failure to 
negative pairs Was 


The 


more 


authors care 


fully considered all variable factors 
which might give a relation not based 


on similarity in length of life and con- 
cluded that there is an 
ing of peopie of nearly equal vitality as 
measured by the life span. 

A tendency toward a longer or shorter 
length of life is definitely inherited, as 


assortative mat- 


shown by Professor Pearson and by Dr. 
Pearl. Long life is an indication of gen- 
eral constitutional strength. It has also 
been shown that the similarity between 
husband and wife is greater among the 
parents of adult children than it is for 
childless couples, so that the mating of 
like with like is a factor in fertility and 
consequently tends to perpetuate itself. 

The influences which tend to prevent 
inter-racial unions involve much more 
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than physical differences. The whole 


social inheritance, customs and folk- 
ways separate not only races but differ- 
ent political and religious groups as well. 
Wealth and social position are notable 
factors in determining conjugal ties; 
and, since these have some basis in 
mental ability, inherited intellectual 
capacity is an important agency in de- 
termining the partners in matrimony. 
Terman’s studies on gifted children bear 
this out. The parents of children which 
stand high in the intelligence tests are 
themselves distinctly above the average. 

An explanation for this tendency for 
like to mate with like has been put for- 
ward by the behaviorists. The young 
man in seeking his life partner instine- 
tively chooses a girl who is like his 
mother, while the young lady considers 
favorably only those men who are, in 
some respects at least, similar to her 
father. Since, as we shall see later, ho- 
mogamy is a common practice through- 
out the animal kingdom and a similar 
situation exists in plants, is it not prob- 
able that there is involved here some- 
thing of a far more biological importance 
and racial significance than this rather 
superficial explanation would indicate? 

If man is an animal, as biologists in- 
sist, the mating instincts of lower forms 
of life should have interest in this con- 
nection. Plants are also bisexual organ- 
isms. Is reproduction among them 
purely a matter of propinquity? 

The lowest organisms, if we may judge 
from the evidence from the single-celled 
Paramecium, do not mate at random. 
Each individual not only refuses to mate 
with members of other species, but suc- 
cessful pairing takes place only when the 
partners are alike. This is shown by 
the extensive observations of Professors 
Pearl and Jennings, of Johns Hopkins, 
who find a significant correlation in size, 
the only character that could be mea- 
sured, in the conjugating pairs of this 
species. 

In another protozoan form, it has been 


observed that individual members of +h, 
same culture differed as much as 14° 
millimeters in length, but no two mem 
bers of a conjugating pair differed mor 
than 5.5 millimeters. Out of 279 pairs 
thirty-five were equal and only seve; 
pairs differed more than 3.5 millimet 

Going somewhat higher in the anin 
scale, there is evidence from the mo! 
of an assortative mating. The herma; 
roditic nudibranch has been earef 
studied by Professor Crozier, of Har 
vard, who observed that in most cas 
large individuals mated successfully wit 
large, and small individuals with sn 
at various seasons of the year. 
different species of this animal frequent 
the waters about Bermuda, but they 
have never been seen to hybridize under 
natural conditions; and even when con 
fined in small dishes the two sp 
could not be induced to mate. 

Among crustaceans and insects 
same condition holds. In two similar 
species of fruit fly, Dr. Sturtevant, of 
the Carnegie Institution, has noted that 
the females of either species are far 
more likely to unite with males of their 
own species than with those of the other, 
although the males court females ot! 
either species apparently without dis- 
crimination. 

The results carefully compiled from a 
few widely separated groups among tli 
lower animals show a definite tendency 
for similar individuals to take part 
reproduction. The situation among th 
higher animals is indicated by a number 
of observations taken from Darwin's 
‘*Animals and Plants under Domestica 
tion.’”” The Aleo dog of Mexico dis- 
likes canines of other breeds, and the 
hairless dog from Paraguay mixes less 
readily with the European races than t! 
latter do with each other. In Paraguay 
the native horses which run loose on th 
plains associate with each other accord- 
ing to color, and horses imported from 
other districts tend to remain aloof. In 
Cireassia several subraces of the hors 
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LIKE FATHER LIKE SON-IN-LAW 


They refuse to mingle 
will 


ve a free life. 
and eross and even attack each 
wner. 

In England the heavy Lincolnshire 
and light Norfolk sheep, though bred to- 
gether, When turned out on pasture sep- 
arate to a Sheep in a short time. On one 
‘the Faroe islands not more than half 
, mile in diameter, the half-wild native 
black sheep are said not to have mixed 
readily with the imported white sheep. 

Dark- and light-colored deer which 
have long been kept together in the for- 
est preserves in England have never 
hen known to mingle. Tame rabbits 
which had run wild on the island of 
Porto Santo were kept in a zoological 
garden and would not mate with any of 
the tame breeds. The dovecote pigeon 
seems to have an actual aversion towards 
the several fancy breeds, and it has been 

bserved that flocks of white and com- 
mon Chinese geese keep distinct. 

The elaborate devices which plants 
have developed to induce insects to trans- 
fer pollen from one flower to another and 

many other intricate ways in which cross- 
pollination is brought about make it seem 
that germinal mixing is favored in these 
organisms. The phenomenon of self- 
sterility is also widespread in plant fami- 
lies. Fruit growers have long contended 
with the failure of many cultivated varie- 
ties to set fruit when none but their own 
pollen is available. They have been 
foreed by costly experience to make care- 
ful selection of varieties that are suitable 
pollinators for each other and in some 
eases have to grow less desirable kinds 
solely because they are necessary to in- 
sure proper pollination and abundant 
fruit setting. At the John Innes Horti- 
cultural Institute in England there have 
been grown apple, cherry and plum trees 
which bloomed freely over the entire tree, 
yet only certain branches produced 
fruit, those that were pollinated artifi- 
cially with compatible varieties. The 
other branches on the same trees were 
self-pollinated and were entirely bare of 
fruit. 


5D9 


These facts have led biologists to be 
lieve that outcrossing is the natural state 
of affairs in plants, and have persuaded 
them that this was physiologically neces- 
sary to maintain normal vigor. Recent 
experiments at the Connecticut Agricul 
tural Experiment Station and elsewhere 
have shown clearly that in several species 
of plants there is a clear-cut tend ney in 
the opposite direction g dif- 
ferent fertilized 
more readily by its own kind of pollen 
than by pollen from any other variety 


that amor 


varieties each type is 


This was discovered largely by acci 
dent. 
mediate effect of cross-pollination upon 
the chemical composition of the seeds of 
corn it was desired to 
nated seeds produced upon the sams 
plants. To do this, pollen from two dit 
ferent types of plants was mixed and ap 
plied to the protected flowers of both lots 
of plants which produced the pollen. 
Advantage was taken of inherited seed 
characters which differentiated 
clearly the self-fertilized and cross-fer 
tilized grains. 

In carrying out an experiment of this 
kind pollen from a variety of corn hav- 
ing yellow, wrinkled seeds was mixed 
with pollen from a variety having white, 


In an experiment to test the im 


have selt polli 


very 


smooth seeds. Equal quantities of pol- 
len were taken from each type of plant, 
placed in a paper bag and thoroughly 
mixed by shaking. This mixture 
applied to the pistillate flowers of both 
types of plants which had been protected 
from all other pollen. When mature the 
self-fertilized and cross-fertilized 
were quite distinct on each lot of plants, 
owing to the phenomenon of dominance 
of yellow over white color and smooth 
over wrinkled texture. On the yellow, 
wrinkled variety the 
smooth seeds showed up very plainly 
among the wrinkled self-fertilized seeds. 
On the white, smooth-seeded variety the 
eross-fertilized seeds were yellow. 

By using these and other characters 
which clearly indicate the source of the 
pollen, data were obtained which include 


was 


seeds 


cross-fertilized 
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counts of nearly one hundred thousand 
individuals. From these figures the 
surprising superiority of self-pollination 
stood out clearly. In some mixtures less 
than two per cent. of the seeds produced 
were cross-fertilized, whereas with ran- 
dom fertilization fifty per cent. on the 
average should be of that type. This 
same result has been obtained from sev- 
eral species widely separated in the plant 
kingdom and proves that where differ- 
ences exist more offspring result from 
the plant’s own kind of pollen than from 
that of any other source, even though 
the differences are small and only in ap- 
parently minor qualities. This is true 
notwithstanding the fact that these same 
plants are perfectly fertile when the dif- 
ferent kinds of pollen are not in competi- 
tion. 

Although bizarre and _ astonishing 
plant hybrids are regularly recorded in 
the newspapers, horticulturists are fully 
aware that only closely related species 
are fertile when interpollinated and that 
crossing different species seldom pro- 
duces good seed. When plants are 
grown from such hybrid seed they are 
rarely fertile. Plants are as restricted 
in reproduction as are animals, and even 
in those eases, previously mentioned, 
where self-fertilization is reduced or pre- 
vented, it is probable that crossing within 
is favored rather than crossing out of the 
type. 

With this evidence from the corners of 
the phylogenetic triangle—seed plants, 
protozoa and man—that there is a defi- 
nite tendency to establish a caste system 
throughout nature, why should we apolo- 
gize for our pride of race and of family? 
Is it not rather something to be fostered 
and maintained? Restricted marriages 
are customary in nearly all social groups 
and many savage tribes have very strict 
taboos against marrying out of the clan. 

In India the caste system has reached 
its most extreme development. The 
members of each occupational group are 
forbidden to marry into any other group. 
Farmers can not marry the daughters of 


shopkeepers. The families 
teachers, bankers and manufact 
each limited in their choice « 
and wife to the members of 
trade. It is not apparent how 
ficial barriers can work to the b 
ests of the race, and it seems t 
over-refinement, bordering 01 

has been reached in that count 

This should not obseure the 
the ability to retain superior 
once established is a primary ne: 
racial progress and the mating 
with like is a natural law too dee 
and too well established to be set 
by political systems. 

The practice in this country is 
more sound, biologically. Mar 
as severely restricted to members 
same social level as in any other ec 
but individuals change from o1 
to another according to their abilit 
demonstrate their true worth. T! 
many exceptions to this, of cours 
the general tendency is plain. Ov 
inherited wealth and its accom) 
social advantages the weeding-out 
ess is not so effective as might be desir 
The inheritance tax has eugenic 
eance. But even under the present 
tem, wealth vanishes unless accomp 
by intellectual integrity, while titl 
main to embarrass those forms of 
ernment which still cherish them. 

Concern is often expressed lest leg 
barriers be removed and marriag 
tween different races be encourag: 
if statutes were the only preventiy 
miscegenation! Authorities disagre: 
to the harm and benefits of race-crossing 
Some say that the mating of racia 
different individuals of equivalent s 
cial standing is not so serious as the | 
ering of the standards of social grou 
within the race. Nature does not argu 
this point, but guards against both 
a system of marital selection the fou 
dations for which were laid in the lov 
forms of life and which has evolved wit 
man himself. 


» 








GARA CHEURFA 


By ALONZO W. POND 


~ . LEAD! 


fue desert traveler from the north 
and northeast descends from the platea l Cheurfa. 

Tademait, taking as his guide a table In the depression w 
mountain, on the western end of which topped mountain tl 
he sees a pile of stones, a signal cairn planted their date palms, which 
for weary caravans which marks the irrigate with water carn by long tun 
direction of the Arab village Aoulef nels from the plain to the west. Their 
Cheurfa, three days by camel west of tunnels are dug in the clay at the water 


InSalah, in the Sahara Desert. kor the level and slope toward their palm roves 


tl 


veologist that signal rock is just one of so that the water which has fallen 


the isolated remnants of the Tademait the mountains hundreds of 


plateau which he will tell you is com north is here collected and carried in 


posed of very hard sandstone formed artificial channels until it reaches the 


millions of vears ago. Millions of vears surface in the depressions and can be 
have worked their changes out here in used to water palm trees and garden 
the Sahara, and ancient rivers, sand beds of wheat and vegetables. Great 
laden winds and extreme changes in’ dunes of sand on the north and east of 
temperature have cut away much of the the palm grove protect it from the cold 
great plateau, leaving here and there winds and constantly threaten to bury 
isolated remnants, steep-sloped moun the oasis. 

tains which stand like great stone monu- Seven centuries the Cheurfa hav 
ments of forgotten ages. The Arab _ lived in the shadow of the Gara Cheurtfa 
name for these steep-sided remnants of for historic records give their arrival 
ancient plateaus is Gara, and the Gara’ from Morocco and the founding of the 
which marks the direction of the village village Aoulef Cheurfa in the latter halt 
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AOULEF CHEURFA, OASIS AND 


Perhaps it 
Morocco 


thirteenth 
first 


of the 
those 
found fresh the 
just below the summit of the 
end of the Gara and called that 
hole ‘‘ Mother of People Spring’’ because 
it supplies drink to the desert traveler 
who passes that way. Natives tell us 
that the ‘‘spring’’ has long been dry 


and scientists smile, saying, 


century. 
arrivals from 


water in 


was 
who erevice 
eastern 


water 


se 


Because it 
is a long, long time since it has rained 
Your spring is just a natural 
cistern.’’ The the 
slopes east, so that whatever rain falls 


here. 


summit of Gara 


must collect in any depression at the 
eastern end of the mountain; as this 


hollow is covered with big rocks it is 
protected from evaporation and water 
stands there for many weeks. 
We know that Cheurfa 
meeting place of more ancient peoples 
than the thirteenth century Cheurfa, for 
on the western slope gigantic blocks of 
the hard sandstone, broken off from the 


Gara was a 


VILLAGE SEEN 


FROM THE GARA, 
mountain, are covered with inscriptio! 
in tifinar characters, the writing of 
Libyans the 
Here and there among the 


ancient and of moder 
Tuaregs. 
scriptions are carved crude camels and 


In 1% 


these inscriptions were copied and trans 


cruder representations of men. 


lated by a French officer, so we kn 
their significance, a meeting place 
the Tuaregs long before the arrival 
the Arabs from Morocco. 

In recent vears it has served as a pla 
A Marabo 


Can 


for religious gatherings. 
or priest, who the natives tell us ** 
from another village,’’ frequently sun 
moned the people living in the vicinity 
of the Gara to prayer. <A long trenc! 
still visible, served as the line at whic 
the crowd assembled before the priest 
and prayed. 

There are mysteries about the fla‘ 
topped mountain that overlooks the vi 
lage of Aoulef, for on rare occasions th 
inhabitants say, ‘‘the mountain fires 











GARA CHEURFA 


The year that the French cap blocks are so plac | or tT 
1 InSalah the villagers heard the’ is somewhat different 
of the cannon coming from the’ are struck with another 
1, and this year in October the same _ they ring like a well-cast bell. On 
rt was heard. ‘‘It is the spirits of days the natives frequently add the ring 
earth who shoot,’’ is the simple ex- of Gara Cheurfa rocks to the rumble of 
ation of the Arabs, but science’ their palm trunk drums to call the 
ies the spirits heat and cold All to feast and play 
round the Gara are great blocks of How the spirits 
stone broken from the mountain. Some must smile and chuekl 
ave fallen down the slope and others’ the people who live in its shadow 
only slipped a foot or so, leaving us who have traveled thousands of 
straight-sided fissures which are so regu to learn its secrets! Some of the seere 


lar that they must be artificial. The of the Gara we can read to-day as easily 


constant expansion and contraction of as we read the daily paper, but unfortu 


the rocks caused by the extremely hot nately the date of publication and the 
days and extremely cold nights even- name of the editor as well as his nation 
tually splits off pieces. Although such ality seems to remain a secret ' the 
splitting probably happens often it is Gara spirits. The secrets we read are 
only on rare occasions, when the varia- told us by the stone implements found 
tions of temperature are exceptionally by the Logan Sahara Expedition of 
extreme and a huge block of rock breaks Beloit College on a plain a mile east of 
away, that the noise is loud like the re the Gara Cheurfa This plain the geolo 
port of a cannon. Some of these great gists tell us (Professor E. Gautier, Uni 























THE VILLAGE OF THE CHEURFA. 
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versity of Algiers) is a quaternary for 
mation. Thousands of vears ago water, 
probably as a river, cut its way down 
through that ancient plateau of Tade 
mait. When the Sahara dried up, the 
winds got their clear sweep across the 


plain, and they carried all the loose sand 


away to pile it up as dunes in the lower 
depressions and left only a hard-packed 
sandy ¢lay plain which geologists call a 
reg. The gravel stones which had been 
rolled by the water could not be blown 
away with the sand and rest on the sur 
face of the reg. For thousands of years 
the sand-laden winds have eut and pol 
ished these pebbles so that it is not un 
common to find some worn flat on the 
side exposed to the weather. 

It is in this quaternary reg six inches 
below the surface and four above bed- 
rock that the expedition found fifteen 
coarse, heavy stone picks. In shape 
they are long, narrow triangles with 
thick rounded bases. The edges are 
slightly wavy, like the fist hatehets 
found in European paleolithie stations 
of the late Chellean or early Acheulian 














MOHAMMED DESCENDS FROM THE GARA 
WITH A LOAD OF SPECIMENS. 





these 
tne 

erat) 
scatt 
end, 


harc 


IRRIGATING TUNNEL EMPTIES 
WATER INTO THE PALM GROV] 


period. But in Europe these depos 
also contain animal remains, the b 
of extinct animals which permit thi 
entist to know something of the clin 
which existed at the time the deposit 
were made and with that informatio) 
form a fairly -definite idea of what p 
of the geologic epoch they belong in 
this little station near Gara Che 
there is not a trace of animal rema 
not a hint of a hearth, nor a sign otf 
other ancient industry, above or be! 
There is only the form of the im 
ments, but fortunately that is typ 
The material of which they are mad 
coarse and they are covered with a he 
crust which thousands of years laying 
sand and elay has added since the peo} 
who made them lived. No flakes of t! 
coarse sandstone material were found 
the deposit, nothing but the few px 
or fist hatchets and these were not el 


GARA 


considered as ali 
Not 


re ek 


ih together to be 
ntionally hidden lot or cache. 
other 
nd in the same trenches showed any 


single one of the bits of 
sign of having been worked by man nor 
did they have the slightest semblance of 
( The bedrock 
formation above which the implements 
but 


lefinite intentional form. 


found adds interest vives no 
clew to the 
Who made the picks found in this iso- 


lated part of the desert, a mile from the 


were 


exact age of the 


pieces. 


faintly traced ancient river bed and a 
mile from the Gara? 

There is a strong probability that the 
the 
these crude picks were to be found in 


descendants of beings who made 
the region for many hundreds of gen- 
the the 
scattered the the 


end, the expedition found pieces of the 


erations. On summit of Gara, 


over surtace at west 


hard sandstone which showed evidence 
of having been shaped by an intelligent 
being. We spent many hours searching 
the top of that table mountain and col 
lected about three hundred pounds of 
stones which have served as tools to pre 
historic peoples, among them three large 
disks which are the cores left after the 
flakes have been struek off for making 
smaller implements and which them 
selves have probably served as cleavers. 
Smaller disks of which we found several, 
may have served as serapers, and three 
which were found together in a trench 
about eight inches below the surface 
have been chipped in the same manner. 
Each has the same peculiar hollow at one 
side. These, however, are not made of the 
coarse sandstone but of petrified wood 
and are so regular and uniform that it 
leads us to think that the prehistoric 
people who made them wrapped them 
n bits of skin and with a short leather 
thong attached them to a long leather 
rope and used the contraption to catch 
animals with much as the South Amer- 


cans use a three-balled bolo. Whirling 


CHEURE A 





ROCKS OF 


AUSED 


WRITING ON THE 
NOTE SPLIT ¢ 
AND COLD 


ANCIENT 
GARA CHEURFA 
BY HEA’ 


the with its three he: ends 
around their head they let it 
feet of the 


weighted ends wrap around thi 


rope 


running animal 

legs ol 
the beast and either STOps him or hinders 
his progress so that the hunter is able to 


Whether the an 


heurta 


capture and kill him 


cient inhabitants of Gara ¢ used 


such a weapon or not we can not be 
STONES exactly 


certain, but finding three 


alike and all obviously shaped by man 


permits interesting speculation on that 
point at least 

There are flat-sided points, coarse and 
rather thick at times, but all show art! 
ficial chipping on the edges which gives 
them their intended shape. <A few 


entirely different 


hard 
pebbles of material 


the 
which have been brought from the plain 


from formation of the Gara and 


below show the battered edges character 
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stones which have been used to 
other 
stones, we call them. 


interesting are the number of 


istic of 
with—hammer 
But perhaps the 
tri- 
angular picks or hatchets with rounded 


rocks 


break up 
most 
bases. These are much more regular in 
form and the flaking on the edges much 
finer so that the edges are straight and 
not wavy. They are of the same mate 
rial as the picks found down on the plain 
and which from their form and the tech- 
nique of their manufacture we believe 
belong to the early part of the Old Stone 
Age or more particularly Chellean or 
early Acheulean period of archeology, 
made of the same material and similar in 
shape but showing much finer technique 
and skill in Are they 
simply a later product, later by many 
thousands of true, but a 
product of the same race of people who 
made the coarser implements found only 


workmanship. 


years, it is 


a mile away? 


In Europe we have found many of the 


flat-sided serapers and points, some of 
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so that the industry has been 
place in the y 
In Em 


Say that 
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hesitate to 
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terian period of the Old Stone Ag 
the Sahara 


IS identify the 


one would 


stones 
here in we have no a 
remains to help 
the implements, and in the same d 
with the characteristic Mousteriar 
we find the fist 
typical of the late Acheulean ¢ 
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Perhaps the people who lived on G 
Cheurfa a hundred thousand vears 
unfortunately there is absolutely 
ing by which we can date the ind 
even as to its place in geological peri: 
were the descendants of those who n 
the cruder hatchets of the plain, an 
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NEGRO CITIZENS OF AOULEF CHEURFA CARRYING DATES 


might call their industry a Mousterian 
eulture with Acheulean tradition. What 
is the relation of this industry in the 
heart of the Sahara Desert to similar 
techniques in Europe? The forms of 
implements found on the two continents 
are so similar that one recognizes the 
characteristics at once. Perhaps further 
study and other discoveries will answer 
the question for us 

If we can not date the industry of 
Gara Cheurfa we have at least discov 
ered that at some time in the distant 


past a people lived here in the Sahara 





who made flat-sided spear points, dis! 
like cleavers and small throwing stones 
very much like the people who lived 
Southern Europe a hundred thousand 
vears ago the Mousterians an 

late Acheuleans What became 0 
people? Did their descendants n 

to the north and sout! Did 

main in the region or did they 

off gradually Those are som 
questions the spirits of Gara 

could answer if we 

their language ; 


secrets 
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THE PROGRESS OF SCIENCE 


HENDRIK ANTOON LORENTZ 


AMONG the small group of physicists the basis of thi 
whom the chief credit is due for the that he is to be reg 


pid and revolutionary advances in this field also In 


ysical science during the last thirty tenure of the professorsl 
ears, Hendrik Antoon Lorentz, who physics at the Universit 
died on February > at the age of sey made Important cont but 


ity-SIX Vears, occupied a prominent every branch of physics. At the 
place. He was a pioneer in the general celebration held in his honor two y 
field that is suggested when the electron ago the most distinguished physicists 
Tt them rormer st 


s mentioned, and predicted some of the Europe, many « 


most important properties ot the elee dents. were present 


tron before electrons were discovered or their congratulations 


even named. It was for work in this Professor Lorentz w: 


field that he received the Nobel prize — tive of Holland on the Committees 


about twenty years ago. He took a League of Nations on Intell 


prominent part also in the discussions eration and at the time of 


regarding the effect of relative motion chairman of this committee 


between matter and ether and in treat Ile has made several visits 
ing the whole series of puzzling ques- country. A series of lectures deliver 


tions that were raised by the failure of | at Columbia in 1906 formed the basis « 
the Michelson-Morley experiment to give a book on electron theory which is st 
positive evidence of such motion It was the standard treatise on this subject 
Lorentz who showed the way in which In 1920 and again in 1927 he spent the 
the mass of a moving electric charge de winter quarter at the California Inst 
pends upon its velocity; and upon the’ tute of Technology. The portrait 
assumption, now universally accepted, reproduced was taken by Mr. Troy 


that all matter is made up of electrical the close of a series of thirty lectures at 


charges he showed that not only the Cornell in 1926 \lodest and 


thasstttt 


iterests and act 


mass but also the dimensions of a mov ing, broad in his i 


ing body must depend upon its speed. kindly and sympathetic in all his 
Although his work was based upon the ings, Professor Lorent 
1] saat 


assumption of a quiet ether—now gener impression on al 


ally abandoned—it led to the same re in contae 
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sults that were afterward obtained on 


THE REVOLUTION IN PHYSICS 


Sir Ouiver Lopce delivered the Kelvin dimensions of space 
lecture to the Institution of Electrical turbine bombs. whic 


Engineers on April 20. He said, ae tained interesting things, more | 
cording to a report in the London Times, than explosives, and those that took 
that the revolution in physics during the flourished exceedingly. The bombs 
present century was such that mathe the quantum and of re 
matical speculators were soaring up into ready rooted, accepted and 

the clouds of tensors and matrices and — and had led to gravitational and electro 
older metho 


imaginary operators, and any number of magnetic extensions. The 


Hu 
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! the Bohr 
the spectrum was yet another 
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still a question; in 
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ost fruitful seeds; theory of 
But how 
to regard Schrodinger waves was 
a sense they had de 
veloped out of the quantum, but they 
more than that; 
the latest and Dirae 
bombs were still. he supposed, under eX- 


had still to their 


were revolutionary 


while Heisenberg 

amination, and 

fertility. 
Meanwhile wave-mechanics represented 


prove 


the beginning of a comprehensive theory 
of the ether, which must be contemplated 
by every one interested in physical re 
ality. If it was a heresy to believe in 
the FitzGerald 
things, including the ether, as realities 


Contraction and other 
and not merely conventions to suit dif 
heretic 
be 


Transformation, 


ferent observers, then he 
That a 
tent with 
without 
terpret it 
from the point of view of various ob- 
But a 

and 
The 6 faetor in 
the Lorentz Transformation was not in 


Was a 


mathematician should con 
the 


seeking 


Lorentz 


to go behind it or in 


physically, otherwise than 
servers, was intelligible enough. 


be 
pragmatically satisfied. 


physicist could not so easily 


it at first, and then it was not reciprocal 
The introduction of the B factor 
pleted the transformation, and that fae- 
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THE FOURTH INTERNATIONAL 


THE first International Congress of 
Entomology was held in Brussels in 1910, 
the second congress was held at Oxford 
in 1912, the third Zurich 1925, 
while the fourth is to be held in Ithaea 


at Cornell University during the 
) 


at in 


com 
in 


I 
ing summer from August 12 to 18, 


elusive. Unquestionably past congresses 
have contributed much to the advance 
ment of the science of entomology and 
to friendly the 
scientists of the different countries, th: 


intercourse among 
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something hit 
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which the laws of dyvnamies held in the 
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simpler. A vortex 


innermost parts, however much they 
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rross, Was about the simplest view ol 
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difficulty of 
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and more 0 respect 
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and in promoting international good 
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more largely attended than any one 
the 
le partly to the 


Congresses This is 


preceding 
fact that this countrys 
large a number of 


d Canada have so 


ntomologists who will be in attendance, 
irtly to the facet that 


resters of this 


manv or tie 
country are interested 


entomology and will attend the ses 
ons on forest insects. and partly to the 
fact that been 


ade available ents 


financial resources have 
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world 
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least SIX 
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ROBERTS HALL 
HEADQUARTERS OF THE NEW YorRK STATE COLLEGE OF AGRICULTURE AT CORNELL UNIVI 


THE DEPARTMENT OF ENTOMOLOGY IS HOUSED IN THE CENTER BUILDING, 


American Organization Committee con- Natural History; Dr. J. G. Need) 
sist of representative entomologists and Cornell University; Professor Herb 
inelude Dr. E. D. Ball, entomologist of Osborn, Ohio State University; Dr. A 
the State Plant Board of Florida; Dr. W. Baker, Ontario Agricultural Colleg 
P. P. Calvert, University of Pennsyl- Guelph, Canada; Dr. W. H. Brittai: 
vania; Dr. J. G. Holland, of the Car- MeDonald College, Quebec, and Mr: 
negie Museum, Pittsburgh; Dr. F. E. Arthur Gibson, Dominion entomologist 
Lutz, of the American Museum of of Canada. G. W. H 


BAKER HALL 
THE NEW CHEMICAL LABORATORY IN WHICH THE TECHNICAL SESSIONS OF THE CONGRESS 
WILL BE HELD. 





INDEX 


t, Charles Greeley, 
us, W. S., The Inte: 
ane Safety, 379 
eN, R. G., Edward Emerson 
rican Association for the 
ence, Nashville Meeting, 
mal Husbandry and War, 
ieopteryx, Restorati 
is 
ronomical Observat ry 
CaJori, 372 
m as a Source of Energy, A 
tom Theory, Recent, R. B. 
r, J. P., Ocean-surveys, 160 


I m and the Novum Organum, J. WRik 
Bailey, L. H., Portrait, 88 
BaNGsTEeD, H., A Winter Sledging Exp 
n the Inland Ice of Greenland, 253 
Barnard, Edward Emerson, Portrait, 262; 
AITKEN, 263 
BearD, J. H., The Gastronomy of C 
ter of Cartersville, 346 
Bechterev, Vladimir, Portrait, 
Biggs, Hermann M., Portrait, 381 
Brine, F. C., John Lining, 249 
Biophysics, Advances in, 189 
Birds and Injurious Insects, E. H. 
{8 
Borodin, Ivan P., Portrait, 436 
Botanical Explorations in the Rock) 
J. E. Kirkwoop, 315 
sROWN, F. C., Building a Museum, 193 


Gastronomy 


144 J. H. BEARD, 346 


Genetics, Mammalian, 
Gibbs, Willard, J. Jor 
Grasshoppers and Th 


OQ 


Casori, F., Four Old Astronomical Observato 
Buildings, 372 Hes 
CARLTON, F. T., Psychology and Management, H maven I 
350 eaeneteas | 
Cathode Ray Tube, the Nine-Hundred-T ‘ 194 , 
Volt. 380 Hey, P. 
CAUDELL, A. N., Grasshoppers and th lies, 1] 


NG, 


Dreams of 
399 LLYARD, $ 
Cuapin, C. V., Epidemic Diseases, 481 Howard, L 
Chemist, The, How it is done by, D. B. , Internal Secretions 
217 duction, O. Ripp 
Coolidge, W. >. Portrait, 382 
Cosmogony, Wider Aspects of, J. S. JEANS, 454 JEANS, J. H., Wider As; 
Crime, The Control of, E. A. DoLuL, 551 JOHNSTON. J.. 
JONES, D. F. 
Darwin, House at Downe, 90; at Home, Por 
trait, 91; on Spencer, B. J. STERN, 180 KENNELLY, 
Diet and Disease, T. S. HARDING, 150 KEYEs, D. 
Diseases, Epidemic, C. V. CHAPIN, 481 217 
DotL, E. A., The Control of Crime, 551 Kirk woop, J. E.. 
DOWNING, E. R., Scientific Thinking, 231 Rocky Mountai 
YUMBLE, E. T., (The late), The Oil Game, 541 
LAURENS, H., Radi 
EARP, a. R.. Tobaceo and Scholarship, 335 Life, Elixir of, Sea 
Electrons and Wave Motion, 475 100 





TENTIFIC MONTHLY 


point, History, L. THORNDIKE, 342 
thematies, Origin of, ’ LLER, 295 ciences, America’s Influence 
Modern, R. E. Mor t 5 ment of, J MAYER. 60 

Maximow, Nicholas A., Portrait, : rs., 442 Scientific, Thinking, E 

Mayer, J., America’s Influen mn the eloy asies, D. W. HERING, 

nd Dreams of, P. R. HEyYL, 


ment of the Sciences, 60 
Science I Russ a, 


Mechanies, Wave, P. R. Heyt, 4 SEIFRIZ, W 
Metric Svstem, A. FE. KEN» Ly. Sledging 
MEYER \ \W . I e and Condu t. 222 of Greenland, H BANGSTED, 2? 


MILLER, a gin of Mathematics, 295 Smithsonian Institution, the 


Expedition, W inter, on ft 


MoritTz, 1. Modern Mathematies, 2 Social Taboo, K. Youna, 
Museum, Building a, F. ¢ BROWN 93; of : , the Interior of, W 
Natural History, American, School vit Srern, B. J... Darwin o1 
Building, 285 STonE, W. H., The ‘‘ 
Music from the Ether. 283 tion, 426 
STRICKLAND, E. H., Bird 
Nigeria, A. S. PEARSE, 5 sects, 
‘*Nitrogen Cycle’’ in Education, W. : Sunfish, Ocean, E. W. G 
I 


1P6 Sweetness, The Race for, . 


Noves, Arthur ss Portr ut, SY 186 


is 


Tanakadate, Aikitu, Portrait, 570 


Ocean-survevs, J. P. AuLT, 160 Therapy, Cod Liver Oil, T. S. Harpr 

Oil Game, E. T. DuMBLE The late), 541 Theremin, Leon, Portrait, 

Optical Glass Disk, Casting an, 479 THORNDIKE, L., History and Science, 

Ossorn, H. F., The Influence of Bodily Loco Titchener, Edward Bradford, Portrai 
motion in separating Man from the Monkeys Tobacco and Scholarship, J. R. Earp 
and Apes, 385 


TOWNSEND, C. W., Grazing and Fo! 
Osborn, Henry Fairfield, Portrait, 187 


284 


Vavilov, N. J.. Portrait, 43 
Viosca, P., Jr., Wild L 


Palissy, Bernard, Portrait, 
pat | 
Pavlov, Ivan P., Portt u von Wagner-Jauregg, .J., 
PEARSE, A. 8., lh ) 190; Portrait, 191 
Pharaoh’s Doetor, Ward’s Natural Science 
Pharmacy and Scie *hiladelphia College of, FAIRCHILD, 468 
7 Wild Life in Louisiana, P. Viosca, 
Research in, at ale University, 281; WILLAMAN, J. J., The Race for Swe 
The Revolution in, 56 Wrieut, J.. Bacon and the Novum Org 
Plant Physiology, D. T. MAcDovuGaL, 464 WirRpDMANN, H. \ Can We live Long 
D. FAIR Medical Viewpoint, 53° 


OR 


Physics. 


Plants, Living, Two Expeditions after, 
CHILD, 97; Chem Elements Indispensabl 


to, C. B. Lipman, 289 Youna. K.. A Social 


Ponp, A. W., Gara Cheurfa, 561 


Progress of Science, 87, 182, 279, 377, 473, 56! ZIEGLI 


a Se 








THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 











BAUSCH & LOMB 


OPTICAL COMPARN Y 


Wide Field 


Microscope 


with the 


Drum Nosepiece 


Here are some of 
the reasons why 
the AKW has met 
with such enthusi- 
astic approval as 
a wide field 
instrument. 


The extremely large field 
makes the instrument suit- 
able for a wide variety of 
uses. 


By simply rotating the drum, three sets of paired objectives of 
different magnifications can be swung into parfocal position. 


As the image is neither inverted or reversed, an ideal situation is 


created for dissection of specimens. 


The long working distance provides ample room for the manipu 
lation of specimen and dissecting instruments. 


The stereoscopic vision is advantageous wherever the perception 


of three dimensions is necessary. 


The high eyepoint enables even the wearer of glasses to use this 
instrument without loss in size of field. 


Write for our pamphlet, the ‘Wide Field Binocular Microscope.”’ 


Bausch & Lomb Optical Company 


687 St. Paul Street, Rochester, New York 
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A New Hotel 
Without “Ups”! 


IT’S NEVER BEEN DONE BEFORE! 
One Price for All the Rooms! 


Ted 


CEOUUEDDOUETUADE DAO EEO OOO NE 


HE 12-story fireproof Cornish Arms 

Hotel, just opened, has eliminated 
all the hokum of “up” prices. This 
convenient and comfortable new hotel has 
only one price for a single room and 
bath, $3.00 per day. Double rooms for 
two, with bath, $4.50. Remember, there 
are no “ups.” There’s a bath with every 
room: 340 rooms to select from. Excel- 
lent restaurant service at moderate prices. 


5 minutes to Times Square, 5 minutes to 
Penn. Station, 8 minutes to Grand 
Central, and near all Steamship Lines. 


MUTT 


COME AND COMPARE! 


Cornish Arms Hotel > 
West 23d Street, at Eighth Avenue 
NEW YORK 


TETPPOEOET EEN TOOUUETEOUDADODODOAOUDEROEOOROROEUEDEOODEOO ET OOERCOOROOOt OO ONE, 











we er ee ee 
“Where to Stay 
i” New York. ~ 













JN the center of business 
and theatrical New York— 


yet as quiet as a pastoral home, the 
New Forrest is a place “ for rest” 
when rest is needed. Three hun- 
dred beautiful, inviting, homey 
rooms—all outside, all with baths, 
showers and running ice water— 
await discriminating guests. At 
$3.00-$4.50 _ single, 50-$6.00 
double, you will find refinement, 
comfort and true economy. 


Telephone Chickering 7070 
Manager—WILLIAM F. THOMANN 


New FORREST 
HO’‘TE-L 


thST. Just West of 
* Broadway 
NEW YORK 




















Summer Days 


big—airy—rooms 
breezes from the Park 


At the Majestic your “ front i 
acres of trees and green grass—with wid 
dows and high ceilings—your rooms are fi 
with the best air in New York—and every!) 
is done so perfectly in the cuisine, the diniz 
rooms and in all points of service that liv 
here is real contentment. 
And convenient location conserves your « 
fort—from the Majestic you reach any part 
New York quickly 
For a day or a season—aA room or a 
The Majestic is designed to fit people’s ne 
and many have found here their ideal 
ments with as much or as little service 
sired. 
Travel Service. The Majestic is Amer 
headquarters for World Travel America, | 
with offices in the principal cities of all « 
tries so that all details may be arranged f 
trips by Sea, Rail, Road or Air through | 
United States or abroad. Every informat 
for motor tourists—also arrangements 
tours in luxurious cars with smartly 
formed chauffeur couriers. 
Inclusive Rates. In conjunction with : 
travel service the Majestic offers the pop r 
Continental System of inclusive rates for 
rooms and meals Also a la carte service 
usual. 


yard ’ 


Interesting booklet on request 


Copeland Townsend, Proprietor 


Majestic Hotel 


RESTAURANTS 
2 West 72nd Street 


THE HOTEL MAJESTIC, Central P 
West at 72nd Street, New York City 
Without obligating me, please send 


Booklet on Majestic Hotel and informat 
on its Travel Service. 
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The TAPLEY 
PERFORMANCE 
METER 


No outside connections to either install 


or wear out. 


Gives warning of undue wear before the 


damage is done. 


A Standard of 


Performance 


How do the results you get compare with the average performance given by modern 


High Gear 





TU 


AUTNAENAEADAAENDOANDONENOOOOOONSONOAAAOENNGENOONNOOOOGOOGUOOUOTOOOSOENENEOEEEEUONEOOGUORSNUOOOOSEUOLELANOOOO0000000N0000NNNNNEEDDEESEONAEANDNONSEOOONONENNENNMALEFEEENERE nin 


Maximum net pulling power , ; 190 Ibs. 


Pulling power at 30 miles per hour ._ 150 Ibs. 
(on an up-grade) 


Maximum accelerating pull , ; . 170 Ibs. 
(on level road) 


If another car has 187 pounds acceleration pull it means that this car has 10% better get 
y ability i greater 1 


in traffic, 10% greater general accelerating power, 10% better hill-climbing 


gin of Safety in emergency, less strain and increased Pleasure in driving, as compar 0 
above car as a standard. 

If the above car as a standard is in such a condition as to have 10 less pounds-pull than its 
normal performance, then the car has 10% less get-away, etc., as well as there being ‘ s 
loss in gasoline. Most cars that have been driven several thousand miles are much more tl it 
below normal performance 

THE ACCELERATION TEST: Drive on level road, in high gear t the lowest speed fro 


which the car will accelerate smoothly (about 10 miles per hour), depress the accelerator fully, 
and as the car speeds up note the maximum pounds-pull reading of the Tapley Performance Meter 
This maximum reading appears before the car reaches a speed of 25 miles per hour 


It pays to check your pulling power with a Tapley Performance Meter. Even if 


you can afford the extravagance of blindfold motoring, why put up with a poor perform 
ance when other owners of the same make of car are getting better results? 


Jafer and Better -7Vlotoring 


Further details upon request 
E. C. CHESWELL 
Melrose Highlands (77), Mass 
U. 8. A. Distributor for Messrs. Tapley & Company, Totton, Southampton, England 


Pacific Coast Distributors: Gillespie Sons, 220 First St., San Francisco, and 9°29 West 12th St.. Los 
Angeles. 


Canadian Distributor: L. B. Coombs, 66 Millwood Road, Toronto, Ontario 
Further details upen request 
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“The Standard Authority’ 


With an Introduction by 
S. L. ROTHAPFEL [ ‘*ROXY’”) 


CAMERON N 1248 Pages 
M 500 Illustrations 


With complete instructions and diagrams. 
For the installation and operation of the 
various talking movie systems in use to-day. 


MOVIETONE—PHONOFILM—VITAPHONE 


Price Six Dollars 


SOCIETY OF MOTION PICTURE ENGINEERS, PROGRESS COMMITTEE: 
“A notable publication—Motion Picture Projection by Cameron is extremely complete, cover 
ing all phases of motion picture engineering.” 
BU REAU OF ECONOMICS, DEPT. OF PUBLIC INSTRUCTION, WASHINGTON, D. C.: 
‘By far the most complete manual we know of. The most complete work of its kind.” 
SMITHSONIAN INSTITUTION, WASHINGTON, D. C.: 
“ We appreciate greatly what you have done to make the subject better understood.” 
AMERICAN PHOTOGRAPHY: 
“This ...is a veritable encyclopedia and the most complete and accurate work on the sub 
ject. Over 1,200 pages of solid matter... and has not once failed to give satisfaction.” 
MORNING TELEGRAPH: ; 
“ Written with the amateur in mind as well as the professional. Those using motion pic- 
tures in churches and schools will be especially interested.” 
MOTION PICTURE NEWS: 
“In comparison with all other works on the market this book stands in a class by itself 
Should be in the library of every projectionist. The price is not a criterion of its worth.” 
EXHIBITORS TRADE REVIEW: 
“The best book ever written on the subject of Projection.” 
NEW YORK STATE LIBRARY: 
“The book has been placed on our recommended book list.” 
BUFFALO PUBLIC LIBRARY: 
* Seems to be in constant use.” 
CLEVELAND PUBLIC LIBRARY: 
“Motion Picture Projection was shown at our round table meeting. Enclosed find order for 
additional copies.” 
MONTREAL FREE LIBRARY: 
“We have a steady demand for the book. Additional copies are necessary for our reserve 
shelves.” 
BOARD Lond EDUCATION, NEWARK, N. J.: 
“ We have found picture projection to be of great assistance.’ 
BOARD aa EDUCATION, CITY OF CHICAGO: 
“ Like the book very much. Use it in visual instruction.” 
DEPT. OF EDUCATION, SAINT PAUL: 
“ Your book has been approved.”—“ Is a great help.” 
UNIVERSITY OF KANSAS: 
“ Your book has been carefully examined and we have decided to adopt it as our text book.” 
ALABAMA POLYTECHNIC INSTITUTE, AUBURN, ALABAMA: 
“ After careful consideration your book will be used exclusively in our classes.” 





The Largest and Most Comprehensive Book Ever Published on the Subject 


CAMERON PUBLISHING COMPANY :: Manhattan Beach, N. Y. 
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Busch triple aplanatic-achromatic 


magnifier. Perfectly corrected. 
Various sizes trom 6X to 35X. 


-MAGNIFIERS 





wood 
B | ebonized 
—— handle 
No. 3650 
Dia., inches ee oe ae 2 2 3 3 { 
Price, each ....... ... $0.56 $0.65 $0.88 $1.13 $1.42 $1.94 $2.37 
for Maanifier Bulletin. 


153 West 23rd Street, 


Our maégnifiers are of first 
quality optical and mechan- 
ical construction “° 


Magnifying 
reading 
Slasses,. nickel 
plated.rim 
with black 








34 mm. lens, 
$1.10 each 


Miners magnifier. mag 


nification 7.5% 


PALO COMPANY 


Apparatus for Industrial and Laboratory Use 


New York, N. Y. 














FOR THE 
Biological Sciences 


Naturalists’ Supplies 

Microscope Slide Preparations 

Preserved Material 

Models and Museum Preparations 

Lantern Slides 

Charts, Botanical and Zoological 

Microscopes, Microtomes and 
Accessories 

Dissecting Instruments 

Laboratory Glassware 

Chemicals 

Bacteriological Reagents 





Guaranteed 
Quality 


Prompt 
Service 


New York Biological Supply Co. 


| 
| 
| 
| General Supplies for the Biological Sciences 





| 8% UNION SQUARE NEW YORK CITY 


BIOLOGICAL 
SUPPLIES 


SUPPLY 


DEPARTMENT Preparations for the 
Open the Entire classroom, museum, or 
mace collector. 
The sign of the Limulus 
IS a guarantee 
Now is a good time to 
place your orders for 
fall delivery. Then you 
can enjoy your vaca 


tion knowing that your 


orders will be cared for 





Catalogs: 


No. I, Zoological Material 
No. II, Botanical Material 
No. III, Microscopic Slides 
Write us about unlisted material 


’ 
Addre ss all corre spondence to: 


GEO. M. GRAY, Curator 
THE MARINE BIOLOGICAL LABORATORY 





Woods Hole, Massachusetts 
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Bookbinding 


Medical Periodicals. 
ings are substantial; our work 
prompt 
Orders for single volumes and 
complete libraries receive prompt 
and efficient attention. 


LAUNDER BOOKBINDERY 


157-159 East Thirty-Second Street 





E SPECIALIZE in the 
binding of Scientific and 
Our bind- 

prices low. 


and our 


(Established 1882) 


New York, N. Y. 
Telephone Caledonia 5873 








A slippery 
mop had failed to remove. . . 
tents of a test-tube or beaker spilled. . 











W-o-0-p-s! 


—another experiment 
gone to the dogs! 


Debris that the cleaner’s 
. The precious con- 
.. Time, 
labor, might have been saved—anxiety 


avoided. 
By using the FINNELL Elec- 


How? 
tric Floor Machine. With brushes that 


ae 


exert over 20 times the pressure of the 
strongest human arm, aided by a con- 
stant supply of clean water, it routs the 
most 
tions. 


viscous or incrusted accumula- 
Easy to operate. Speedy. Also 
waxes and polishes floors 
to non-slippery brilliance. 
Saves time, labor, money. 
Eight models, for any size 
floor area. Also compact, 
trim, household model. For 
story of cleanest floors at 
lowest cost address 


FINNELL SYSTEM, Inc. 


336 fast Street, Elkhart, 
ind. (Factories Elkhart, ind. 
and Ottawa, Ont., Can.) 


LL 


ELECTRIC FLOOR MACHINE 
lt waxes 


It polishes It scrubs 








NEW FLASH LIGHT — No Bats. 


The smalles 
able electr 
plant in th: 
A few turr 
handle, ever 
utes, makes 
continuous! 
batteries: 
fected by dampness, needs no adjusting: guar 
for a year. 8” long. The finest Flash Ligh 


everyone needs it. Price, $10 postpaid. 


BINOCULARS 
The new ee. weighs 
only 6 oz. an be carried 
in vest pocket or ladies’ 
bag. A wonderful high- 
grade Prism Binocu- 
lar for every use .... $35 
Hensoldt New 
“Dialyt’”—6x30—-13 oz. $58 
Zeiss Wide-Angle 
“Deltrentis’—Sx30 ... $66 
Prismiris Pocket 
Binocular 6 power $16 
Compass—U. 8S. Engi- 
neers, Floating Radiolite Dial 
English Pocket Sextants (slightly used) 
With Star Telescope (value new $75) .. 
Over-Under Shotguns; Schuler high grade 
The Fiala Sleeping Bag—Scientifically 





Day or Night.. s3.50 


Corre: 


Warm Light Weight—Sanitary. fest for Out 


door Sleeping. ‘“ No-Hide-Fur” ; 
Fiala “Llama” Wool Bag—80 inch—3% Ib 
0. D. Covers for Fiala Bags—1%% Ibs 


8. $30 


Canoe Sponsons; adjustable; portable; per | air. $12 


Complete outfits for Hunters, Explo 
Engineers, etc. 


Write for Catalog ‘‘A’’ 


rers 


Anthony Fiala, 25 Warren St., New York City 
MACOY’S MASONIC BOOKS 


“ Hand to Back,” by Wm 
A splendid 
Masonic stories 
in blue cloth. 265 pages. 
“High Twelve” and “Lov 
Masonic tales by Ellis 


ican stories. 268 and 249 
Cloth, either book, post 


“ Concise History of Free 
indexed, handy encycl 








fully illustrated. Post 


Occultism, M 
Write for Cat 


Books on Strange Subjects 
Theosophy, Astrology, etc. 


MACOY 


(Dept. F) 35 W. 32nd St., 


Oldest and Largest Masonic House—FE: 


M. St r 


collection of thr 
Beautifully 


Ppd., $2.1 


w Twelve” 
\ r 


fully interesting, red-blooded A 


pages 
paid, $2.10 
Masonry ” 
oped f 


Masonic History; 490 pages, be 


paid, $6.30 


yat 
alo 


Publishing & Masonic Sup. Co 


N. Y¥. City 


st. 





BINOCULA 
3 to 24 Power 
Everything in binoculars, fie 


finest and largest assortment 
ica. Catalog gives all inforn 
to choose the best for your 


ELM 





Dept. 326 


RS 


ld gl 


telescopes and optical instruments 


in Ar 
iatior 
indiy 


} 


needs at the LOWEST PRICE. 
Catalog Free—200 Glasses 


DU MAURIER CO. 


IRA, N. ¥ 


THE MICROSCOPE 


By SIMON H. GAGE, of Cornell University 
Revised, Dark-field Edition (1927) now Available 
The Old and the New in Microscopy, with a 8) 


chapter on Dark-Field Methods and 
Application 
Postpaid, $3.50 


COMSTOCK PUBLISHING COMPANY, 


their 


ITHACA, N. ! 















wo 
cur 
wh 
rec 
est 
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amdersesio f = ULTRAVIOLET 


the field of ul- 


traviolet research has .. A M. P S 


resulted in a wide 






demand for current 





information on the 






laboratory application 





of ultraviolet. 










To assist in meeting 
this demand the 
HANOVIA Laboratory 

















invites specific in- 
$25 
~ quiries addressed to 
ieee its Director. 
ThroughBulletin3B 
ork City general information 
is available on the 
KS as 
eet Universal Laboratory 






Model . . . which 



















d., $2.15 : . “3 o a 
nto provides, for precision a al 
’ aor 
‘ work, the Quartz Mer- = 
reg ~ = 
d, $2.10 cury Vapor Arc —S = 
sonry ” . — _ a 
ri which has long been “ — 
q | : isze 
d, $6.30 recognized as the rich- (<a 
. — - e: 
est available source of - 
a = ultraviolet. 
S 
HANOVIA 
. CHEMICAL & MFG. 
COMPANY 
a Chestnut St. & N. J. 
R. R. Avenue, 
sity Newark, N. J. 
able 






NEW YORK, CHICAGO 
SAN FRANCISCO 
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Any £éce Negative can be enlarged to 12 x 18 inche:; 


It uses Standar 
Cinema Film 








©The Universal Camera” 
Ideal for Pictorial Work as Well 


Size: 5,5 
Weight: 15 


Leitz Anastigmat 


} 3.5 ~ 
One Load: 


Focal Plane S| 
C upied 
transport 


double ex 


The Radio B 
Contest, ¢o1 
by Station ‘‘K\ 
was arrang 
the contes 
present the 
solely throug] 
tographs. Ti 
ning pictu 
Marjorie Li 
were enlara 
from ‘‘Still S 
upon motion p 
film taken witli 
“© feica”’ Can 

It should 
membered that 
deciswn 

solely upon 


beauty reveal 


the photograpi 


A 
tall 





Product 
ee Se vee E. LEITZ, IN 
he <4 .& H BF lg Ask your Dealer or Write for Wet |p — 
- — etzlar e 1y 
conducted by “KYA”, San Fran- Pamphlet No. 1127. (FF). ; it 
cisco. : 60 East Tenth Stre 


NEW YORK, N. } 
The * Leica ” Prize Picture Agents for Pacific Coast States: 
was an enlargement of SPINDLER & SAUPPE, 


3 86 Third Street, 811 West Seventh Str 
12x 18 inches San Francisco, Calif. Los Angeles, Calif. 














































HE extraordinary light- nifier by slipping supplemen 
gathering capacity, splen- tary lenses over their objec 
did definition and extremely tives. So equipped, they have 
\ large field of view of Zeiss a working distance of eight 
wide-angle Prism Binoculars jnches approximately and a far 
have firmly established their greater field of view than ordi 


h th position of leadership. They ary aplanatic or anastigmati: 
ne} are dust- and moistureproof, a maenifiers 
factor which can hardly be ex- 
aggerated. That’s why scientists and na 
More than that, every Zeiss ture students in all parts of the 
: Binocular is instantly econ- globe continue to specify Zeiss 
vertible into a Telescopic Mag- as standard equipment 
, Write for complete Information—19 
CARL ZEISS, INC. 
( 
485-R Fifth Ave., New York 
i¥ 
Y : Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif 

















CARLZEISS 
treet | CONOR RIE RR A RR 














Make Sure Your Soil is Right 


—_ With this simple, scientific outfit you 
can quickly and easily determine the 
acidity or alkalinity of your soil 
Valuable Handbook included in each 
set contains an extensive list of 
plants with their soil preferences, 
directions, and table for changing 
soil reactions and other useful data 
on soils and plant growth. 


Lallotie 
SOIL TESKIT 


Price complete $1.50 postpaid 





LaMotte Chemical Products Co. 422 Light St. Baltimore, Md., U.S. A. 








Laboratory Apparatus and Supplies 





——s 


EXPOSITION: EXPOSITION: 
Eight Awards and Medals Gold Medal 


Our General Laboratory and Museum Supplies include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 
Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 


THE KNY-SCHEERER CORPORATION OF AMERICA 


Dept. of Natural Science, 10-14 West 25th Street 
G. Lagai, Ph.D. New York City 

















